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SECTION 1 
Cell Biology 
i 


Electron microscope 


CELL STRUCTURE AND FUNCTIONS 


vA After completing this lesson, 
you will be able to 


List the principles and identify the apparatus used in the techniques of fractionation, differential 
staining, centrifugation, micro-dissection, tissue culture, chromatography, electrophoresis and 
spectrophotometry. 


Describe the terms of resolution and magnification with reference to microscopy. 
Explain the use of graticule and micrometer. 


Describe the locations, chemical compositions and significance of the primary and secondary 
cell walls and of middle lamella. 


Explain the chemical composition of plasma membrane. 

Rationalize the authenticity of the fluid mosaic model of plasma membrane. 

Relate the lipid foundation and the variety of proteins of the membrane structure with their roles. 
Identify the role of glycolipids and glycoproteins as the cell surface markers. 

Explain the role of plasma membrane in regulating cell's interactions with its environment. 
Describe the chemical nature and metabolic roles of cytoplasm. 


Distinguish between smooth and rough endoplasmic reticulum in terms of their structures and 
functions. 


Explain the structure, chemical composition and function of ribosome. 

Describe the structure and functions of the Golgi complex. 

State the structure and functions of the peroxysomes and glyoxysomes in animal and plant cells. 
Describe the formation, structure and functions of the lysosomes. 

Interpret the storage diseases with reference to the malfunctioning of lysosomes. 

Explain the external and internal structure of mitochondrion and interlink it with its function. 
Explain the external and internal structure of chloroplast and interlink it with its function. 
Describe the structure, composition and functions of centriole. 

Describe the types, structure, composition and functions of cytoskeleton. 

Explain the structure of cilia and flagella and the mechanisms of their movement. 

Describe the chemical composition and structure of nuclear envelope. 

Compare the chemical composition of nucleoplasm with that of cytoplasm. 

Explain that nucleoli are the areas where ribosomes are assembled. 

Describe the structure, chemical composition and function of chromosome. 

List the structures missing in prokaryotic cells. 

Describe the composition of cell wall in a prokaryotic cell. 

Differentiate between the patterns of cell division in prokaryotic and eukaryotic cells. 
Relate the structure of bacteria as a model prokaryotic cell. 
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You are quite familiar with the word “cell” i.e., a basic unit of life. By the middle of 
the nineteenth century, biologists had formulated cell theory which is a fundamental 
concept in biology. The generally accepted portions of the modern cell theory are as follows: 


(1) The cell is the fundamental unit of structure and function in living things. 
(2) All organisms are made up of one or more cells. 
(3) Cells arise from other cells through cellular division. 


This chapter will help you to become familiar with the structure of cells and how they 
work, and also the basic techniques essential for cell study. 


1.1 TECHNIQUES USED IN CELL BIOLOGY 


To know the structure and functions of cells etc., and cell organelles some of the 
techniques will be discussed here in brief. 


1.1.1 Cell Fractionation 

Cell fractionation is the combination of various methods used to separate a cell organelle and 
components based upon size and density. It is very useful for electron microscopy of cell components. 
The principle of cell fractionation consists of two steps i.e., homogenization and centrifugation. 


Homogenization 


It is the formation of a homogenous mass of cells. It involves the grinding of cells in a 
suitable medium with correct pH, ionic composition and temperature. In plants enzyme pectinase is 
added to digest middle lamella. This can be done in a blender. This procedure gives rise to a 
uniform mixture of cells which is then centrifuged. 


Centrifugation 


Centrifugation is the process to separate substances on the basis of their size and 
densities under the influence of centrifugal force. It is done by the machine called 
centrifuge. This machine can spin the tubes at very high speed. Spinning the tubes exerts 
a centrifugal force on the contents. There are two major ways of centrifugation i.e., density 
gradient centrifugation and differential centrifugation. In density gradient centrifugation 
the cell components of different sizes and densities are separated in different layers. The 
upper layers are less dense than lower layers. 


In differential centrifugation the size and shape of particles determines how fast it 
settles. A series of increasing speeds can be used. At each step, the content which settles 
in the bottom of the tube are called pellet and those that remain suspended above in the 
form of liquid are called supernatant. After each speed, the supernatant can be drawn off 
and centrifuge again. A series of pellets containing cell organelles of smaller and smaller 
size can therefore be obtained. 


CELL SUPERNATANT 
HOMOGENATE - smaller and less 
before CENTRIFUGATION dense components 
centrifugation 


ee 


PELLET 
larger and more 
dense components 


Fig 1.1: Centrifugation of cells 
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During centrifugation the bigger particles sediment faster and have higher sedimentation coefficients 
(Svedberg, or S values). Sedimentation coefficients are, however, not additive. Sedimentation rate does not 


depend only on the mass or volume of a particle, and when two particles bind together there is inevitably a 
loss of surface area. Thus when measured separately they will have Svedberg values that may not add up to 
that of the bound particle. This is notably the case with the ribosome. Ribosomes are most often identified by 
their sedimentation coefficient. For instance, the 70 S ribosome that comes from bacteria has actually a 
sedimentation coefficient of 70 Svedberg, although it is composed of a 50 S subunit and a 30 S subunit. 


1.1.2 Differential Staining 


Most biological structures are transparent. In order 
to differentiate between these structures various colour 
dyes are applied. Such techniques are called staining 
techniques. When only one stain, such as borax 
carmine (that stains nucleus) is used it is called single 
staining. When two stains, one that will stain nucleus 
s e.g., haematoxylin and other that will stain cytoplasm 
i an eae = € e.g., eosin are used, the process is called double 
Fig. 1.2: Differential staining staining or differential staining. 


1.1.3 Microdissections 


Microdissection refers to the variety of techniques where a microscope is used to assist 
in dissection. It is done to remove tumour or granules from delicate tissue or cells like, brain, heart 
and nerve cells. In this technique, the image is seen on large TV screen or monitor while dissecting 


1.1.4 Tissue Culture 


Growth of a cell or a tissue on chemically defined nutrient medium under sterile 
conditions is called tissue culture. This technique can be employed for both plants and animals. 


Plant tissue culturing is mainly used for plant cloning i.e., production of genetically 
identical plants (clones). Animal tissue culture is usually set up by growing individual cells to 
form a single layer of cells over the surface of a glass container. Animal tissue cultures are 
used to see any abnormality in the cell, e.g., cancer, chromosomal disorder etc. 


liq 1-1.5 Chromatography 
Chromatography is a technique which is used to 
separate different chemical compounds from a mixtures. 
It is generally used for the separation of mixtures of 
proteins, amino acids or photosynthetic pigments. There 
Paper are different types of chromatographic techniques. 


Solvent Paper chromatography is a simple and most 
front widely used technique. It involves two phases. 
Stationary phase which is cellulose filter paper and 
mobile phase is solvent in which sample mixture is 
dissolved. When the solvent travels over the paper, the 
mixture sample begins to separate as dots at different 
places on paper according to their affinity. This paper is 
Fig. 1.3: Chromatography chamber then called chromatogram. 
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1.1.6 Electrophoresis 


It is a technique which is used to separate 
fragments of a charge bearing polymer molecule 
according to their size, shape, molecular weight 
and surface charge whether (+) or (—). Such charge 
bearing polymer molecules are DNA, RNA, protein 
etc. 


T Upper 
f buffer solution 


Electrode 
Glass tube or plates 
containing gel 


Gel 
This technique utilizes a gel medium for aae 


separation of fragments which is done under the | „~ buffer solution 
influence of an electric field. Often the gel is ma || Bad 
sandwiched between glass or plastic plates to form É 
a viscous slab. The two ends of the slabs are 
suspended in two salt solutions that are connected 
by electrodes to a power source. At one end of the 
slab the samples are loaded. When voltage is 
applied to the apparatus, the molecules present in Electrode 

the gel migrate through the electric field. Fig. 1.4: Gel electrophoresis 


Movement of proteins 


Power supply 


The negative charged molecule will move towards the positive pole and the molecule 
having positive charge will move towards the negative pole. The velocity of movement of 
fragments is inversely proportional to the size. Therefore smaller fragments move faster than 
larger. In this way all the fragments are separated in the gel after some time. Later on the 
molecules can be pin pointed by staining the gel. 


1.1.7 Spectrophotometry 


Spectrophotometry is a technique which is used to determine the absorption of 
different wavelength of light by a particular chemical compound or a photosynthetic pigment. 
For this purpose the instrument used is spectrophotometer. The amount of light absorbed at 
each wavelength is plotted in a graph called the absorption spectrum. 


Chlorophyll A 


—— Chlorophyll B 


~ Carotenoids 


Amount of light absorbed 


Wavelength of light (nm) 


Fig. 1.5: Spectrophotometer Fig. 1.6: Absorption spectrum 


Spectrophotometry can be used to determine the wavelengths of light that take part in 
photosynthesis. It can also be used to determine the very minute quantity of a substance (such 
as DNA) in a sample. 


CA 


1.1.8 Resolution and Magnification in Microscopy 

The minimum capacity of a lens to differentiate between two adjacent points is called 
resolution. The resolution of naked eye is 0.1 mm. This resolution can be increased by 
increasing magnification. The magnification is the capacity of an optical instrument to 
increase the size of an object than its original size. The objects which cannot be seen by 
naked eye can also be observed by increasing magnification. Different lenses have different 
magnification powers which are represented by letter “X” that means the number of times than 
original size. Therefore, a lens of 10X magnification power can increase the size of an object of 


1 um to 10 um. 
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Fig. 1.8: Electron microscopic structure of a plant cell 


Microscopy is the technique used to view objects that cannot be seen by the naked 
eye. The range can be anything between mm and nm. Most animal cells and plant cells are 
between 10 um and 30 um. A common compound microscope consists of ocular lens and 
objective lens. The overall magnification power of such a microscope is equal to the product of 
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magnification powers of both lenses. The resolving power of light microscope is 250 nm and its 
magnification is up to 4000X. The resolving power of electron microscope is 0.2 nm and its 
magnification is up to 2,000,000X. 


1.1.9 Micrometry 

Micrometry is the measurement of the 
size of objects under microscope. It involves 
two micrometres. The ocular micrometre is a 
glass disc with 100 equal divisions with no 
absolute value. It is placed in the eye piece of 


the microscope. Then it is calibrated by using < “Ke 
a stage micrometre. This is a glass slide AAAs bah SADA ARAL RADIA BARA ARAL AAA LARA 


with an exact scale like a miniature OR 

transparent ruler. By superimposing the PHPH t Hiiti ti aahit ttt 
images of the ocular micrometre and stage 
micrometre scales, it is calibrated so the size 
of any given object viewed under the Fig. 1.9: Ocular micrometre 
microscope can be estimated. 


1.2 CELL WALL AND PLASMA MEMBRANE 


The plasma membrane is the outer living boundary of the cell. Many cells have an 
extracellular component that is formed exterior to the membrane, which is called cell wall. 


1.2.1 Cell Wall 


The cell wall is present in plant cells, 
prokaryotes and fungi but animal cells do not have 
cell wall. This is probably due to their locomotor mode 
of life. Plant cell walls (made up of cellulose) differ in chemical composition from those of the 
prokaryotes (made up of peptidoglycan) and fungi (made up of chitin). We will discuss here 
only plant cell wall. The cell wall is secreted by the cell. The cell wall is porous and allows free 
passage of water and dissolved material. The plant cell wall consists of three main layers, 
primary cell wall, middle lamella and secondary cell wall. 


ci Science Tidbits 


Pectin is a polymer of around 200 galacturonic acid 
molecules. Majority of its carboxyl groups are 


*— Disc (plastic or glass) 


Scale-arbitrary units 
usually 100 divisions 


Critical Thinking 


Is plant cell wall permeable, 
semipermeable or impermeable boundary? 


methylated (COOCH3). It is less hydrophilic then 
pectic acid but soluble in hot water. It is another 
major component of middle lamella but also found in 
primary walls. 


Fig. 1.10 : Crisscross arrangement of cellulose 


Primary cell wall 

Primary cell wall is a true wall and develops in newly growing cell i.e., during cell 
division. Each cell produces a primary cell wall. The primary cell wall is present inner to the 
middle lamella. The primary cell wall is thin and slightly flexible. The primary cell wall is 
composed of cellulose microfibrils (bundles of cellulose chains), running through the matrix of 
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other polysaccharides like hemicelluloses and pectin. The microfibrils show a crisscross 
arrangement in layers one above the others. This feature gives the cell great strength. The 
primary cell wall is adapted to growth. The wall stretches plastically i.e., irreversibly. 


Middle lamella 
Secondary 


Primary cell wall cell wall 


Cell 
membrane 


Middle lamella 


. Secondary 


TH 
cell wall 


Cell walls of 
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Cell membrane 


Fig. 1.11: Plant cell wall 


Secondary cell wall F 
Secondary cell wall is formed between the Science Titbits 


primary cell wall and plasma membrane only in | Pectic acids are polymer of around 100 
galacturonic acid molecules. These are 


sclerenchyma cells. The plant cells possessing 
secondary cell wall are generally dead and provide a na ae abe aee S 
support for the plant. The secondary cell wall | zre major components of middle lamella 
develops only when the cell has reached maximum | put also found in primary cell walls 

size i.e., completes its growth because it is very much 
thick and rigid therefore it does not allow further growth. The secondary cell wall consists of 
cellulose, hemicelluloses, lignin, inorganic salts and waxes. Its cellulose microfibrils also show 
crisscross arrangement. Lignin cements and anchors cellulose microfibrils together and it is 
mainly responsible for rigidness. The secondary cell wall provides definite shape and 
mechanical support to the cell. 


Middle lamella 
Middle lamella is present between primary cell walls of adjacent cells which holds the 
cells together. It is composed of sticky, gel-like magnesium and calcium salts and pectin. 


+ 


very hydrophilic and form salts with Ca* 


1.2.2 Plasma Membrane 

Plasma membrane is the boundary of protoplasm. It is found in all living prokaryotic and 
eukaryotic cells. Plasma membrane is also called cell membrane or plasmalemma or cell 
surface membrane. It controls the passage of materials into and out of the cell. 


Composition of plasma membrane Critical Thinking 


Chemically cell membrane consists of proteins 60- | Why the cell surface membrane is 
80%, lipids 20-40% and small quantity of carbohydrates. described as fluid mosaic? 
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Structure of plasma membrane 

Fluid mosaic model of plasma membrane: The model proposes that the membrane 
is a phospholipids bilayer in which protein molecules are either partially or wholly embedded. 
The proteins are scattered throughout the membrane in an irregular pattern just like large ice 
bergs float in the sea. The pattern of distribution of proteins can vary from membrane to 
membrane and also vary on both surfaces of membrane. The membrane is about 7 nm thick. 
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Fig. 1.12: Fluid mosaic-model of plasma membrane 


The lipid part of plasma membrane consists of two layers (bilayer) of phospholipids 
which are arranged in such a way that their hydrophobic ends face each other while 
hydrophilic ends are appeared on the surface. The steroids, cholesterols are wedged into the 
phospholipid bilayer at some intervals. The plasma membrane is asymmetrical i.e., their two 
surface and halves are not identical. 


| In general most membrane proteins drift sideways in 
Pa the fluid bilayer. The proteins within a membrane 
Science Titbits determine most of the functions. Carbohydrates are either 

The fluidity of membrane is | attached to proteins (glycoproteins) or lipids (glycolipids) 
dependent on its lipid components, | generally on the outer side of membrane. Filaments of the 


including phospholipids, glycolipids | cytoskeleton are also present on the inner surface of the 
and cholesterol. membrane. These support the plasma membrane. 


Functions of plasma membrane lipids 

The lipid part of plasma membrane controls the fluidity of the membrane. When the 
concentration of unsaturated fatty acid in phospholipids becomes greater, the bilayer becomes 
more fluid that makes cell membrane more flexible. The cholesterol helps to stabilize the lipid 
bilayer. It also restricts entry and exit of polar molecules and ions. 


Functions of plasma membrane proteins 
A great variety of proteins are found in plasma membrane which may act as transport 
channel or carrier, enzyme, receptors or as antigens. 
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1. Channel proteins and Carrier proteins: Certain plasma membrane proteins are involved 
in the passage of molecules through the membrane. Some of those have a channel 
through which a substance simply can move across the membrane, other are carriers that 
combine with a substance and help it to move across the membrane. 


2. Enzymes: Some plasma membrane proteins have enzymatic functions e.g adenylate 
cyclase which converts ATP to cyclic AMP (cAMP). 


3. Receptor molecules: Some proteins in the plasma membrane are receptors that receive 
signals from other cells. Each type of receptor has a specific shape. The binding of a 
molecule on receptor can bring about an intracellular response. For example, hormones 
circulate in the blood, but bind to specific target cells, with specific receptors. 


4. Antigens: Some proteins are antigens which enable the cells to recognize other cells for 
example the foreign antigens can be recognized and attacked by immune system. 


Roles of glycolipids and glycoproteins as cell surface markers 


Mostly glycolipids and glycoproteins act as cell surface markers. They are involved in 
cell to cell recognition and sticking the correct cells together in tissues. 


Regulation of cell’s interaction with its environment by the plasma membrane 

Plasma membrane regulates cell’s interaction with its environment by controlling 
transport of material across the cell. Transport across plasma membrane occurs to: (1) obtain 
nutrient (2) excrete waste substances (3) secrete useful substances (4) generate ionic 
gradients essential for nervous and muscular activity (5) maintain a suitable pH and ionic 
concentration within the cell for enzyme activity. 


1.3 CYTOPLASM AND ORGANELLES 


The living matter of a cell is called protoplasm. In eukaryotic cells it can be divided into 
two parts i.e., cytoplasm and nucleus. 


1.3.1 Cytoplasm 

Cytoplasm is the region between nuclear membrane and plasma membrane. This is 
also a common component of both prokaryotic and eukaryotic cells. The major difference 
between the cytoplasm of these two kinds of cells is the presence or absence of cytoskeleton 
and membrane bounded organelles. These structures are absent in prokaryotic cells. 


Physico-chemical nature of cytoplasm 


It is about 90% water and forms a solution that contains all the fundamental 
biochemicals of life. Some of these are ions and small molecules in true solution, such as 
salts, sugars, amino acids, fatty acids, nucleotides, vitamins and dissolved gases. Others are 
large molecules, such as proteins, which form the colloidal solutions. The inner portion of 
cytoplasm i.e., towards the nucleus is less viscous and is called cytosol while the peripheral 
part of cytoplasm i.e., towards the plasma membrane is more viscous and is called cytogel. A 
circular streaming movement can also be observed in cytoplasm due to the contractile activity 
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of microfilaments. This movement is called cyclosis which is responsible for distribution of cell 
contents in cytoplasm. 


Metabolic and storage role of cytoplasm 

The cytoplasm acts as a site of metabolism and storehouse of a cell. The metabolic 
pathways generally occur in the cytosol which includes protein synthesis, glycolysis etc. The 
cytogel is usually concerned with storage of useful compounds which are subsequently used in 
various cellular activities and waste compounds which are eliminated from the cell time to time. 


1.3.2 Cell Organelles 


In a eukaryotic cell, the cytoplasm contains highly organized discrete structures which 
are specific for various cellular functions are called cell organelles. The cell organelles are 
generally enclosed by the membrane except few such as ribosome. 


The organelles in the cytoplasmic matrix of a cell are: endoplasmic reticulum, 
ribosomes, Golgi complex, lysosomes, peroxysomes, glyoxysomes, vacuoles, mitochondria, 


and chloroplasts etc. Rough Endoplasmic 
Reticulum (RER) Nuclear Envelope 


Endoplasmic reticulum eds 

An interconnecting network of 
cisternae (elongated closed sacs) which is 
generally extended from nuclear membrane 
to the plasma membrane throughout the 
cytoplasm of all eukaryotic cells is called 
endoplasmic reticulum (ER). There are 
two types of ER, rough ER and smooth ER. 
Most cells contain both types of ER. 
However, some cells (skeletal muscle cells) 
have smooth ER more, where these are 
called sarcoplasmic reticulum. 


So Ribosomes 


Rough ER has ribosomes attached rs 
to the sides facing the cytoplasm and has 


electron Smooth Endoplasmic Reticulum (SER) 


rough appearance under 
Fig.1.13: Endoplasmic reticulum 


microscope. Rough ER is mainly concerned 
with the events of protein synthesis (translation) due to the association of ribosomes; however, 
their presence in the cell also provides a mechanical support to the cell. 


Smooth ER is continuous with the RER. Since, ribosomes are not attached to it, 
therefore, it has smooth appearance under electron microscope. The smooth ER functions in 
various metabolic processes, e.g., metabolism of carbohydrates. The detoxification of drugs 
and poison especially in the liver cells and synthesis of lipids including oils, phospholipids and 
steroid take place in smooth ER. It also stores calcium ions, when released calcium ions 
trigger contraction of the muscle. Smooth ER also transports various cellular products within 
the cell or out of the cell e.g., proteins from rough ER are also transported to the Golgi complex 
through smooth ER. Like rough ER, the presence smooth ER in the cell also provides a 
mechanical support to the cell. 
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iia Ribosomes 
— subunit 


Ribosomes were first observed using 
electron microscope as dense granules. 
Ribosomes are roughly spherical, granular, 
non membranous bodies found in both 
eukaryotic as well as prokaryotic cells. 
However, eukaryotic ribosomes are lager 
and characterized as 80S ribosomes while 
the prokaryotic ribosomes are slightly 
smaller and are characterized as 70S 
ribosomes. They can be seen only under the electron microscope. They are made of almost an 
equal amount of RNA and protein so they are ribonucleoprotein. Ribosomes are formed in 
the nucleolus. Then these are transported to the cytoplasm through the nuclear pore. 


Small 
subunit 


Fig.1.14: Eukaryotic 80S ribosome 


In a eukaryotic cell, the ribosomes may be found as attached with RER or freely 
dispersed in the cytoplasm. Ribosomes are also found in matrix of mitochondria and stroma of 
chloroplast but these ribosomes are prokaryotic (70S) in nature. 


Growing Lange aubundt The eukaryotic ribosomes are composed 
, polypeptide . m à of two subunits (particles) of different sizes. The 
3 i | larger one is 60S particles and the smaller one 
f is 40S particles. The two subunits on 


» C a p 
» s < >» ; \ 
yA , | © „attachment form 80S particles. The attachment 


is controlled by presence of magnesium ions 


Small subunit m RNA concentration or forming salt bonds between 
, phosphate group of RNA and amino group of 
Fig.1.15: Polysome amino acid or both by magnesium ions and salt 


bonds. Both ribosomal subunits are generally attached together at the time of their function. 
The ribosomes are involved in the events of protein synthesis. Sometimes, during protein 
synthesis, several ribosomes are attached to one MRNA molecule. Such a chain of many 
ribosomes is called polysome or polyribosomes. In this way several copies of same 
polypeptide can be produced in very less time. 

Incoming transport Golgi complex 

Cis face vesicle 

seal It is found in all eukaryotic cells. It was 

Cisternae 


Q Me Lumen discovered by Italian biologist Camillo Golgi in 
SSS Golgi complex consists of a stack of 
© flattened, membrane bound sacs called 

> cisternae, together with system of associated 

Q ( sdei > Q vesicles called Golgi vesicles. It is a complex 

° / 3 O. system of interconnected tubules formed around 

Newly forming Trans face — Secretory the central stack. At one end of the stack a new 


icl i , , 
= = cisternae are constantly being formed by the 
Fig. 1.16: Golgi complex fusion of vesicles from the smooth ER. This outer 
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or forming face (cis face) is convex, while the inner end is concave and is called maturing 
face (trans face) where the cisternae breakup into vesicles again. 


The most important function of Golgi 
complex is the processing of cell secretions. 
Therefore these organelles are abundant n EEE 
secretory cells. The cell secretions an n a 
consist of proteins. Golgi complex collects 
these proteins from RER through SER, 
modifies them to perform specific function and 
then exports these modified products in the 
form of vesicle. Certain organelles, such as 
lysosomes, peroxisomes and glyoxysomes 
also originate from Golgi complex. Golgi 
complex is also involved in the formation of 
conjugated molecules like glycoprotein, 
lipoprotein etc. In plant cell during cell division, 
Golgi complex also gives rise vesicles which 
contain cell wall synthesizing materials. At 
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Fig. 1.17: Role of Golgi complex in a glandular cell 


cytokinesis, these Golgi vesicles are arranged on the cell equator, fuse together and form a 
structure, called phragmoplast. Later on new cell wall is derived from this structure. 


Lysosomes 
Lyso means splitting and soma 
means body. These are _ single 


membranous, spherical vesicles. They 
contain digestive or hydrolytic enzymes. 
The lysosomal enzymes are made by 
the RER and then are transported to 
Golgi complex through SER. After 
modification, these enzymes are 
released from. the trans face Golgi 
complex in the form of vesicles. Such 
vesicles are called lysosomes. The 
newly formed lysosomes before the start 
of their functions are usually called 
primary lysosomes. In plants and 
fungi, certain’ vacuoles carryout 
enzymatic hydrolysis, a function shared 
by lysosomes in animal cells. 
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Fig. 1.18: Formation and functions of Lysosomes 


Lysosomes contain about 40 different digestive enzymes. These enzymes can 
breakdown every major macromolecule of the cell. The contents of the lysosome are acidic. In 


order to perform its function the lysosomes fuses with membrane bound vesicle that arises 
from any of these pathways endocytosis, phagocytosis or autophagocytosis. These 
vesicles are referred to as endosomes, phagosomes and autophagosomes respectively. 
These endosomes fuses with lysosomes (primary lysosomes) and forms secondary 
lysosomes. The bio-molecules are further broken down into smaller forms like amino acids, 
monosaccharides, nucleotides and fatty acids which are then recycled in the cell. Major 
functions of lysosomes include intracellular digestion, autophagy, autolysis and sometimes 
release of extra cellular enzymes. 


The ingested food of cell is stored in vesicles, called food vacuoles. Once a lysosome 
has fused with food vacuole, the resulting structure is called secondary lysosome in which 
food begins to digest. The digested products are absorbed by the cytoplasm while the 
remaining wastes containing vesicle is now called contractile vacuole. Later on these 
vacuoles fuse with cell membrane (exocytosis) to eliminate undigested wastes. This whole 
process is known as intracellular digestion. 


The process by which unwanted structures within the cell are engulfed and digested 
within the lysosomes is called autophagy. This is self-eating process of a cell in which a 
lysosome begins to digest cells own organelles. Such lysosomes are also called 
autophagosomes. This process either takes place in starvation period in order to obtain 
energy or it occurs in routine in order to control number of specific organelle. For example: If 
someone starts to perform heavy muscular exercise, the number of mitochondria begins to 
increase in his muscle cells, but if he leaves exercise, the number of mitochondria are again 
decreased by the process of autophagy. 


Sometimes, especially during developmental phase, when a particular cell is required to 
be disintegrated, a type of cell death is committed, called autolysis. This is a programmed cell 
death in which lysosomes burst and their enzyme contents are quickly dispersed throughout 
the cytoplasm. In this way the cell is disintegrated into fragments which are phagocytosed by 
other cells. Due to this function lysosomes are also called suicidal bags. 
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Fig. 1.19: Functions of Lysosomes 
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Since, lysosomes contain various digestive enzymes, if a particular lysosomal enzyme 
is missing in an individual, the digestion of that particular substance (for which enzyme was 
specific) will be affected. As a result, the substance begins to accumulate in the cell and cause 
different problems. Such complications which are caused by the accumulation of various 
substances in the cell due to lack of certain lysosomal enzymes are called lysosomal storage 
diseases. These diseases are hereditary and congenital therefore run in particular families 
and exist by birth in an individual. Most of these diseases are fatal in early childhood. About 
more than 20 such diseases have been discovered so far. One of the common examples is 
Tay-Sachs disease in which a lipid digesting enzyme is missing or inactive and the brain 
becomes impaired by an accumulation of lipids in the cell. 


Peroxisomes and Glyoxysomes 

Peroxisomes and glyoxysomes are collectively called 
microbodies. These are similar to lysosomes in the sense that 
they are single membranous, vesicular structures. They contain 
enzymes (although different than lysosome) and originate from 
Golgi complex but they are smaller than lysosome. 

Peroxisomes contain some oxidative enzymes like 
peroxidases, catalases and glycolic acid oxidases. They are 
abundant in liver cells where they are specifically involved in the 
formation and decomposition of hydrogen peroxide so they are 
named peroxisomes. They are mainly concerned with the detoxification of alcohol. In this 
activity alcohol is oxidized into hydrogen peroxide (H202) with the help of peroxidase enzyme. 
Hydrogen peroxide is itself a toxic molecule, which is immediately broken down to water and 
oxygen by another enzyme called catalase. In plant cell, peroxisomes are involved in 
photorespiration. A step of photorespiration takes place in peroxisomes in which glycolate is 
converted into glycine with the help of an enzyme called glycolic acid oxidase. 


Glyoxysomes are found only at seedling stage in oil seed plants. These organelles 
have a number of enzymes specific for plant lipid metabolism that are not found in animal cells. 
The germinating seedlings convert stored fatty acids to carbohydrates. This is achieved 
through a metabolic pathway called glyoxylate cycle, the enzymes of which are located in the 
glyoxysomes. 


Fig. 1.20: Peroxisomes 


Vacuoles P N 
Vacuoles are large vesicles originate from the Ù S ~ a vacuole 
endoplasmic reticulum and Golgi complex and plasma 
membrane. Vacuoles perform a variety of functions in 
different kinds of cells. In animal cells food vacuoles 
are formed by phagocytosis. Many freshwater protists 
have contractile vacuoles that pump excess water 
out of the cell, thereby maintaining a suitable 
concentration of ions and molecules inside the cell. 


In young plant cells, many small vacuoles are 
present which can hold reserves of important organic Fig. 1.21: Vacuole of a mature plant cell 
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compounds. These vacuoles may also help in protection of plant against herbivores by storing 
compounds that are poisonous or unpleasant to animals. Mature plant cells generally contain a 
large central vacuole develops by the joining of smaller vacuole. The solution inside the 
central vacuole, called cell sap, is plant cells main reservoir of inorganic ions, including 
potassium and chloride. The central vacuole plays a major role in mechanical support by 
maintaining turgor and also acts a storehouse of the cell. The membrane separating the 
vacuole from cytoplasm is called tonoplast. 


Mitochondria 


Mitochondria (singular: mitochondrion) are present in all eukaryotic cells. Some cells 
have a single large mitochondrion, but more often a cell has hundreds or even thousands of 
mitochondria; the number correlates with the cells level of metabolic- activity. For example, 
cells that move or contract have proportionally more mitochondria per volume than less active 
cells. Mitochondria are capable to divide themselves (self-replicating) in order to increase their 
number. They divide by fission. 


Mitochondria are cylindrical or rod shaped structures. They are enclosed by double 
membrane, the outer membrane and the inner membrane. The outer membrane is smooth 
and somewhat like a sieve 

Porins E 
due to presence of porins. 
These are special proteins 
HH responsible for the transport 
molecules across the 


Outer membrane 
Inner membrane 
Inner membrane space of 


Matrix 
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membrane. Porins allow free 
passage of various molecules 
into the inter-membrane 
space. The inner membrane 
is selectively permeable and 
folded inwards. The folds are 
called cristae which serve to 
increase the surface area. 
The inner surface of cristae 
has granular structures called 


FO-F1 particles. These 

particles are actually ATP 
synthase (see section 4.2.7) enzymes. In addition, several other complexes are also found in 
inner mitochondrial membrane, which serve as electron carriers in electron transport chain. 
The inner membrane divides the mitochondrion into two internal compartments. The first is the 
intermembrane space, the narrow region between the inner and outer membranes. The 
second compartment, the mitochondrial matrix, is enclosed by the inner membrane. 
Mitochondrial matrix is a jelly like material that contains a small circular DNA, all kinds of RNA, 
ribosomes (70S) and enzymes. The presence of these components indicates that mitochondria 
have their own genetic system. It means, the protein, which are required by mitochondria are 
synthesized by their own metabolic machinery. 


Fig. 1.22: Mitochondrion structure 
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Mitochondria are the sites of cellular respiration, the metabolic process that uses 
oxygen to generate ATP by extracting energy from sugars, fats, and other organic compounds. 
Enzymes in the matrix catalyze some of the steps of cellular respiration like Krebs cycle. Other 
proteins that function in ATP generation through electron transport chain are found into the 
inner membrane. 


Mitochondria (extra reading material) 

Mitochondria and chloroplasts display similarities with bacteria like both are self-replicating organelles, both 
have their own genetic system and metabolic machinery i.e., both has small circular DNA, all kinds of RNA 
and ribosomes (70S). An interesting fact about them is that they are capable to survive outside the cell in 
artificial medium if carefully fractionated. Based upon these observations evolutionists believe that they were 


independent organism and the early ancestor of eukaryotic cells engulfed them. Eventually, the engulfed cells 
formed a relationship with the host cell in which they were enclosed, becoming an endosymbiont (a cell living 
within another cell). Therefore, they are supposed as organisms within organism.Mitochondria divide and in 
this way their number doubles before cell division. Lysosomes regulate the number of mitochondria. Excess of 
mitochondria are digested by Lysosomes. Because mitochondria are contained within ova (egg cells) but not 
within the heads of the sperm cells, all the mitochondria in a fertilized egg are derived from mother. 


Plastids 

Plastids are found in plant and algal cells, and they are necessary for essential life 
processes, like photosynthesis and food storage. On the basis of presence or absence and 
type of pigments, and the stage of development, plastids have been classified into proplastids, 
leucoplasts, chromoplasts and chloroplasts. 


Proplastids are young, immature and developing plastids. They are self-replicating 
organelles. They divide and re-divide in meristematic cells and are distributed to different cell 
types. Depending upon the structures in which they found, the intracellular factors and on 
exposure to light, they may develop into leucoplast (colourless plastids) or chloroplast (green plastids). 


Leucoplasts are found in parenchyma cells of 


lastid 
root, stem and seeds. They act as_ storage gg 
organelles. Based on the kind of substance they store 
they are further classified into amyloplasts (store uaii 


starch), elaioplast- (store lipids) and proteinoplast ED 
(store protein). Chromoplasts synthesize different p 

coloured pigments other than green. Therefore, they are 
found in coloured parts of plant such as flower petals 
and fruit wall where they attract insects and thus help in A 

pollination. Chloroplasts are found in green parts of the 9) Q 
plants and act as site of photosynthesis. amyloplast elaioplast proteinaplast 


Structure and functions of chloroplast Bere bee Olnlestee 

Chloroplast is a discoid structure which consists of three parts i.e., envelope, stroma 
and thylakoids. Each chloroplast is bounded by a smooth double membrane (envelope). The 
outer membrane like mitochondria contains porins and therefore freely permeable to small 
molecules. The inner membrane is semipermeable and rich in protein. Between the outer and 
inner membrane there is intermembrane space. 


Q 
chloroplast 
` g 


chromoplast 
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The ground mass of chloroplast is called stroma. It is the colourless proteinaceous 
substance which like mitochondrial matrix also contains a small circular DNA, all kinds of RNA, 
ribosomes (70S) and various enzymes. The stroma contains a system of chlorophyll bearing 
double membrane, flattened sac-like structures called thylakoids. There are two types of 
thylakoids: smaller thylakoids and the larger thylakoids. Smaller thylakoids are disc like sacs 
which are piled over one another like stack of coins. Each stack of smaller thylakoids is called 
granum (plural: grana). Each granum consists of 25-50 thylakoids and there are about 40 - 60 
grana found in each chloroplast. Photosynthetic pigments are also found in the membranes of 
smaller thylakoids. Larger thylakoids connect the grana with each other and are also called 
intergrana. These membranes are colourless as they do not have pigments. 


Grana Smaller thylakoid Chloroplast is the site of 

photosynthesis in a plant cell. The 
Larger thylakoid first phase of photosynthesis is 
sia ee light dependent reaction in which 
sunlight is captured and 
transformed into ATP. This phase 
takes place in grana region of 
chloroplast. The second phase of 
photosynthesis is light independent 
reaction (dark reaction) in which 
CO2 is reduced to make 
carbohydrates. The enzymes for 
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Fig. 1.24: Chloroplast region of chloroplast. 


Centrioles 

Centrioles are non-membranous cell organelles found mainly in animal cells. They are 
also found in fungi like protists such as slime molds and water molds. Centrioles are rod 
shaped structures and usually occur in pairs. These occur at right angle to each other near one 
pole of the nucleus. Each centriole is composed of nine triplets of microtubule which are 
circularly arranged around a central axis. 


One microtubule 
triplet 


Just before the cell division, the pair of centrioles 
duplicates and becomes two pairs which later on migrate to 
the opposite sides of the nucleus. Both centriole pairs give 
rise microtubules (spindle fibres) during cell division. The 
whole structure of spindle fibres is known as mitotic 
apparatus which helps in the distribution of chromosomes 
between the daughter cells during cell division. In addition, 
Fig. 1.25: Centrioles centrioles also give rise to basal bodies of cilia and flagella. 


Cytoskeleton 

The term cytoskeleton is generally applied to three different kinds of fibrous structures 
which are distributed from nucleus to the plasma membrane throughout the cytoplasm of a 
eukaryotic cell. These fibres include: microfilaments, microtubules, and intermediate filaments. 
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Microfilaments are also known as actin 
filaments. These are extremely thin contractile fibres 
about 7 nm in diameter. It consists of four twisted chains. 
Two chains of F-actin and two chains of tropomyosin 
with triplet troponin at intervals. They form myofibrils in 
muscles, involved in muscle contraction and relaxation. 
They perform cyclosis as well. 


Microtubules are small hollow cylinders about 
25nm in diameter and 0.2-25um in length. They are 
composed of a protein, the tubulin. Each tubulin is a 
dimer. In plant cells at the time of cell division freely 
dispersed microtubules organize themselves to form 
spindle fibres. In animal cells, the microtubules are 
involved in the formation of centrioles, cilia, flagella and 
basal body. 


Intermediate filaments are 8 to 10 nm in diameter 
i.e., intermediate in size between actin filaments and 
microtubules, this is why they are called intermediate 
filaments. The basic protein subunit of the filament is 
vimentin. The vimentin subunits also form chains by 
linear arrangement. Each intermediate filament is 
composed of three chains of vimentin which are twisted 
about each other in such a way that no 
hollow space is left between them. They 
usually form a network in the cytoplasm 
which provide a mechanical support to 
nuclear envelope and plasma 
membrane. 


Flagellum 


Cilia and Flagella 

Cilia and flagella are hair like 
projection on the surface of the cells. 
The internal structure of both cilia and 
flagella is same but they may differ in 
size, number and pattern of movement. 
The flagella are longer, few in number, 
exhibit undulating motion and beat 
independently. Whereas, cilia are 


microtubules 


Outer microtubule 


numerous and relatively short and beat sublet 
perpendicularly in metachronous (cilia of piii 
a row beating one after the other) or in membrane 


synchronous rhythm (all cilia of a row 
beating simultaneously). 
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Fig. 1.26: Three types of cytoskeleton 
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In muscle cells the microfilaments are 
called myofilaments which are of two 
different types i.e., thin and thick 
myofilaments. The thin filaments are 
actin filaments while the thick 
filaments (16um thick) are composed 
of another protein, the myosin; 
therefore, they are also called myosin 
filaments. 


Electron micrographs 
of cross sections: 


Outer microtubule 
doublet 
Plasma 
membrane 


Basal body 


Basal body 
(structurally identical 
to centriole) 


Fig. 1.27: Structure of a eukaryotic flagellum or cilium 
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Structure of cilia and flagella 

Cilia and flagella share a common ultrastructure. Each consists of a longitudinal 
axoneme. The axoneme enclosed is in a spiral sheath of cytoplasm and a plasma membrane. 
Axoneme is made up of a bundle of eleven longitudinal microtubules. Nine peripheral doublets 
are arranged in a ring. In the centre of the ring are two single microtubules. This arrangement 
is called “9 + 2” pattern. 


Cilia and flagella originate from their basal bodies embedded in the cytoplasm. Basal 
bodies have the same circular arrangement of microtubule triplets as centrioles. 


Mechanism of movement of 
cilia and flagella 

Movement of cilia: The 
movement of cilia is due to sliding of 
double fibrils in two groups one after 
the other. Five out of nine double 
fibrils contract simultaneously. As a 
result cilium bends or shortens. It is 
called effective stroke. Four out of 
nine double fibrils contract and cilium 
becomes straight. It is called recovery 
stroke. 


(a) Clium 
Direction of locomotion 


Return stroke 
or Recovery stroke 


Propulsion of water 


Power stroke Plasma membrane 


or Effective stroke 


(b) Flagellum Direction of locomotion 


Movement of flagella: A 
flagellum causes movement by the 
passage of rapid successive waves of 
bending from the attached to the free 
end, as it can be seen in flagellar 
movement of human sperms, which 
propel them forward within the fluid 
medium of the female reproductive 
tract. 


1.3.3 Nucleus 


Nucleus is the most prominent 


Fig. 1.28: Movement of cilia and flagella 


Ribosomes 
—t Nuclear pore complex 


—— Rough 
endoplasmic 
reticulum 


and the most important part of a cell. 


Chromatin 
Perinuclear space In animal cells it is found in the centre 
cca (with exception of muscle fibre cells) 
Innernuclear but in adult plant cell it is slightly away 
ena from the centre due to the presence of 
Cytoplasm a large central vacuole. A typical 


Fig. 1.29: Nucleus 


eukaryotic nucleus consists of nuclear 
envelope, nucleoplasm, nucleoli and 
chromatin. 


K 1 Cell Structure and Functions 


Nuclear envelope 

Nuclear envelope (also called nuclear membrane) is a double membrane covering 
which makes the boundary of nucleus. Both membranes of nuclear envelope are separated by 
a fluid-filled perinuclear space. The membranes are composed of lipid bilayer and proteins. 
The outer membrane of nuclear envelope is covered with ribosomes and is connected with the 
membranes of ER. There are numerous pores in nuclear envelope called nuclear pores which 
are composed of a specialized transport protein called nucleoporin. 


At the point of nuclear pore both the membranes are interconnected. These pores 
regulate the nucleo-cytoplasmic exchange of materials. This exchange includes RNA 
and ribosomal proteins moving from nucleus to the cytoplasm and proteins (such as DNA 
polymerase), carbohydrates, signalling and lipids EA 
moving into the nucleus. Although smaller molecules Science Titbits 
: : Sieve tube cells in plants and red blood 
simply diffuse through the pores, larger molecules | cells in human are exceptional living cells 
may be recognized by specific signal sequences | that do not possess nucleus. On the other 


and then be diffused with the help of nucleoporin into 


hand some cells have more than one nuclei 


ie., binucleate or dikaryotic cells (cells 
or out of the nucleus. having two nuclei) and multinucleate or 
coenocytic cells (cells having many nuclei). 


Nucleoplasm 


Nucleoplasm is the transparent semifluid ground substance formed of a mixture of 
proteins, enzymes (DNA and RNA polymerase), free nucleotide and some metal ions (Mg) for 
the synthesis of DNA and RNAs. It also contains histone and non-histone protein. So the 
nucleoplasm is slightly different from cytoplasm. 


Nucleolus Nuclear envelope 


. Nucleolus | 
Nucleolus is a non-membrane bound \ 


structure in the nucleoplasm. A cell may have one or 

more nucleoli. Nucleolus appears during interphase 

and disappears during cell division. A nucleolus 

consists of a peripheral granular area (contains 
ribosomal subunits) and a central fibriler area Chromatin 
(contains rRNA and rDNA). Therefore, nucleolus is 

involved in the construction of ribosomes. 


Nuclear pores 
\ 


Fig. 1.30: Nucleolus 


Chromatin and Chromosomes 


Chromatin is a network of thin thread like structures made up of DNA and proteins. 
During cell division chromatin fibres begin to condense and coil up into separate structures 
called chromosomes, which are thick enough to be seen with a light microscope. A typical 
chromosome consists of two strands called chromatids which are attached with each other 
at a point known as centromere. The centromere lies within a thinner segment of the 
chromosome called primary constriction. 


The centromere is a constriction functionally 
related to the movement of chromosomes during cell Secondary 
division. Each centromere has a complex of 
kinetochores protein present on the opposite sides of 


fibre 


the constriction. Each kinetochore forms the site of Primary 

attachment for a single microtubule during cell division. N rials 
Some chromosomes may have another point of union Kinatochore 

along the length of chromatids, called secondary 


constriction or nucleolar organizer. It gives rise to oan 
nucleoli during interphase. 


1.4 PROKARYOTIC AND 
EUKARYOTIC CELLS Fig. 1.31: A pair of chromosome 


Two kinds of structurally different cells have been evolved overtime. Prokaryotic cells 
include archaea, bacteria and cyanobacteria whereas all other forms of life are composed of 
eukaryotic cells. A prokaryotic cell lacks definite membrane bounded nucleus and other 
organelles. Its DNA is dispersed in cytoplasm. On the other hand, a eukaryotic cell contains a 
nucleus, endoplasmic reticulum, Golgi complex, mitochondrion, lysosomes, nucleolus, chloroplast, 
cytoskeleton, 80S ribosomes (larger), and flagella or cilia which are made up of microtubules. 
All these structures are missing in prokaryotic cells. Furthermore, the prokaryotic and 
eukaryotic flagella have different structure and composition. The prokaryotic cells do not divide 
by typical mitosis or meiosis like eukaryotic cells, instead their cell division is very simple and is 
called binary fission. A detailed account on prokaryotic cells is given in chapter 6 of this book. 


Euchromatin == 


Skills: Analyzing, Interpreting and Communication 
1. Compare and contrast the structure and function of mitochondria with those of chloroplasts. 


2. Compare in tabular form, the functions of organelles with the processes occurring in animals and plants. 
3. List the structure and molecules, which can cross the nuclear envelope. 


1. Measure the size of Paramecium, pollen grains, hair etc., by micrometry. 


2. Prepare and examine the slides of animal and plant cells using differential staining. 


Br Exercise 
Dumm 


Select the correct answer 


(i) Which of the following is the major advantage of using a light microscope instead 
of an electron microscope? 
(A) superior resolving power (B) constant depth of focus 
(C) observation of living matter (D) use of very thin sections 


(ii) 


(iii) 


(vi) 


(xi) 


(xii) 
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Some cellular organelles are bound by a single membrane, while other 
organelles have two membranes (envelopes) around them. Which one of the 
following is correct? 


Single membrane Double membranes 
(A) peroxysomes, lysosome nucleus, chloroplast 
(B) chloroplast, lysosome nucleus, peroxysomes 
(C) nucleus, chloroplast lysosome, peroxysomes 
(D) nucleus, lysosome chloroplast, peroxysomes 


Which of the following cell structures contains the highest concentration of RNA? 
(A) centriole (B) lysosome (C) chromosome (D) nucleolus 


A tadpole’s tail is gradually broken down during metamorphosis into an adult 
frog. Which organelle increases in number in the cells of the tail at this time? 


(A) centriole (B) endoplasmic reticulum 

(C) Golgi complex (D) lysosomes 

Which of the following organelles always contains DNA? 

(A) centriole (B) Golgi complex (C) lysosome (D) mitochondria 
Which distinguishes a prokaryotic cell from a eukaryotic cell? 

(A) prokaryotic cell have a cell wall and a nucleus 

(B) prokaryotic cells have no membrane bound organelles 

(C) prokaryotic cells have a centriole 

(D) prokaryotic cells have no ribosomes 

The elasticity of the plasma membrane demonstrates that it is made up in part of 


(A) lipids (B) nucleic acids (C) carbohydrates (D) proteins 
Filaments present in flagella and cilia are 

(A) microfibrils. (B) microtubules (C) microfilaments (D) microvilli 
Which of the following structure is found in all living organisms: 

(A) cell membrane (B) nucleus (C) lysosome (D) vacuole 
The cell wall of plant cell is different from that of prokaryotes in: 

(A) both structure and chemical composition (B) structure only 

(C) chemical composition only (D) number of layers only 


Which of the following are present in prokaryotic cells: 

(A) chloroplast, DNA, nuclear envelope 

(B) chromosomes, mitochondria, nuclear envelope 

(C) cytoplasm, DNA, mitochondria 

(D) cytoplasm, DNA, ribosome 

Which of the following is present in all eukaryotic cells: 

(A) cell wall (B) diploid nucleus 

(C) flagellum (D) membrane bounded organelles 


(xiii) Which of the following would be more prominent in a secretory cell than non- 
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secretory cell: 

(A) lysosome (B) Golgi complex (C) mitochondrion (D) ribosome 
(xiv) When a glycoprotein is being synthesized for secretion from a cell, which route 

is it most likely to take? 


(A) Golgi complex > RER> SER (B) RER> Golgi complex > SER 

(C) RER SER> Golgi complex (D) SER> Golgi complex > RER 
(xv) Which one of the following is responsible for cyclosis? 

(A) microtubule (B) microfilament 

(C) intermediate filament (D) none of them 


Name three organelles revealed by an electron microscope. 
Why cell wall is not present in animal cells? 

What holds the ribosomes together in a polysome? 

What would happen if there are no lysosomes in human cells? 
Why lysosomes are called suicidal bags? 


Name the structures and organelles which are common in plant cell, animal cell and a 
prokarytic cell. 


How is a chloroplast similar to a bacterium? 

Name the organelles of eukaryotic cell and write their specific functions. 
What are prokaryotic cells? List the structures missing in prokaryotic cells. 
Compare microfilaments and microtubules. 


Which organelles are single membrane bound, double membrane bound and lacking any 
membrane? 


How cytoskeletons are important to eukaryotic cells? 

Compare the chemical composition of nucleoplasm with that of cytoplasm. 
Explain that nucleoli are the areas where ribosomes are assembled. 

Draw a labelled diagram of a section through: 

(a) mitochondrion (b) chloroplast 

Write the difference between: 


(a) resolution and magnification 

(b) cytoplasm of eukaryotic and prokaryotic cell 
(c) rough ER and smooth ER 

(d) chromatin and chromosome 
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Ee Extensive Questions 


Describe the principles and uses/applications of the apparatus used in the techniques of: 


(a) Fractionation (b) Microdissection (c) Tissue culture 
(d) Differential staining (e) Centrifugation (f) Chromatography 
(g) Electrophoresis (h) Spectrophotometry 


19. What are the locations, chemical compositions and significance of the following in a plant 
cell wall? (a) Primary cell wall (b) Secondary cell wall (c) Middle lamella. 


20. Explain the (a) Chemical composition of plasma membrane (b) Role of plasma membrane 
in regulating cell's interactions with environment. 


21. Describe the lipid composition and variety of proteins of the plasma membrane. 

22. What are the functions of the plasma membrane proteins? 

23. What is the role of glycolipids and glycoproteins as the cell surface markers? 

24. What is the chemical nature of cytoplasm? Explain the metabolic roles of cytoplasm. 
25. Describe the structures and functions of smooth and rough endoplasmic reticulum 
26. Explain the structure, chemical composition and function of ribosomes. 

27. Explain the structure, and functions of Golgi complex. 


28. Explain the structure, and functions of the peroxysomes and glyoxisomes in animal and 
plant cells. 


29. Explain the formation, structure and functions of the lysosomes. 


30. What are the storage diseases? Explain with reference to the malfunctioning of 
lysosomes. 


31. Describe the external and internal structure of mitochondrion? What are the functions of 
these structures present in mitochondria? 


32. Describe the external and internal structure of chloroplast? What are the functions of 
these structures present in chloroplast? 


33. Compare and contrast the structure and functions of mitochondria and chloroplasts. 
34. What are centrioles? Describe the structure, composition and functions of centriole. 


35. What are cytoskeletons? Describe the types, structure, composition and functions of 
cytoskeleton. 


36. Describe the structure of cilia and flagella. Explain the mechanism of movement of cilia 


and flagella. 

37. What is nuclear envelope? Describe the chemical composition and structure of nuclear 
envelope. 

38. What are chromosomes? Describe the structure, chemical composition and function of 
chromosome. 


39. What is the relationship of endoplasmic reticulum with Golgi complex, lysosome and 
plasma membrane? 


BIOLOGICAL MOLECULES 


m p After completing this lesson, 
vA you will be able to 


Introduce biochemistry and describe the approximate chemical composition of protoplasm. 
Distinguish carbohydrates, proteins, lipids and nucleic acids as the four fundamental kinds of 
biological molecules. 

Describe and draw sketches of the dehydration-synthesis and hydrolysis reactions for the making 
and breaking of macromolecule polymers. 

Explain the following properties of water that make it the cradle of life. 

high polarity, 

hydrogen bonding, 

high specific heat 

high heat of vaporization 

cohesion, 

hydrophobic exclusion 

ionization 

lower density of ice 

Define carbohydrates and classify them. 

Distinguish the properties and roles of monosaccharides, write their empirical formula and classify 
them. 

Compare the isomers and stereoisomers of glucose. 

Distinguish the properties and roles of disaccharides and describe glycosidic bond in the transport 
disaccharides. 

Distinguish the properties and roles of polysaccharides and relate them with the molecular 
structures of starch, glycogen, cellulose and chitin. 

Justify that the laboratory-manufactured sweeteners are "left-handed" sugars and cannot be 
metabolized by the "right-handed" enzymes. 

Define proteins and amino acids and draw the structural formula of amino acid. 

Outline the synthesis and breakage of peptide linkages. 

Justify the significance of the sequence of amino acids through the example of sickle cell 
hemoglobin. 

Classify proteins as globular and fibrous proteins. 

List examples and the roles of structural and functional proteins. 

Define lipids and describe the properties and roles of acylglycerols, phospholipids, terpenes and 
waxes. 

Illustrate the molecular structure (making and breaking) of an acylglycerol, a phospholipid and a 
terpene. 


e Evaluate steroids and prostaglandins as important groups of lipids and describe their roles in living 
organisms. 

e Define nucleic acids and nucleotides. 

e Describe the molecular level structure of nucleotide. 

e Distinguish among the nitrogenous bases found in the nucleotides of nucleic acids. 

e Outline the examples of a mononucleotide (ATP) and a dinucleotide (NAD). 

e Explain the double helical structure of DNA as proposed by Watson and Crick. 

e Define gene is a sequence of nucleotides as part of DNA, which codes for the formation of a 
polypeptide. 

e Explain the general structure of RNA. 

e Distinguish in term of structures and roles, the three types of RNA. 


e Define conjugated molecules and describe the roles of common conjugated molecules i.e. 
glycolipids, glycoproteins, lipoproteins and nucleoproteins. 


You have got a very brief introduction about biological molecules in IX-X biology 
course. This chapter caters the detailed study of carbohydrates, proteins, lipids and nucleic 
acid as well as the importance of water and the role of conjugated molecules. 


2.1 BIOLOGICAL MOLECULES IN PROTOPLASM 


Biological molecules are different chemical compounds of living beings. 
Biochemistry is the branch of biology that deals with such molecules. It also deals with 
various chemical reactions (metabolism) of living beings. 


2.1.1 Chemical Composition of Protoplasm 


Approximately 25 elements |70% 
out of 92 naturally occurring 
elements of earth are found in living 


Six major bioelement that 


60% constitute 99% of human body 


beings. These are called | 50% Oxygen 65% 
bioelements. However, human body an, on 
is composed of only 16 of these | 40% eat ig 
bioelements. These elements can be | 39% Calcium 2% 


Phosphorus 1% 


an 


classified on the basis of their 
proportions in organisms. The six | 20% 
commonest bioelements that 
constitute 99% of protoplasm are 
called major bioelements. Minor 0% 
bioelements are those that are found 
as less than 1% whereas those that Minor elements include: potassium (0.35%), sulphur (0.25%), 


are found as less than 0.01% of the | chlorine (0.15%), sodium (0.15%) and magnesium (0.05%). 
protoplasm are called trace Trace elements include iron, copper, manganese, zinc 


10% 


Oxygen Carbon Hydrogen Nitrogen Calcium Phosphorus 


elements. The proportions of these Fig. 2.1: Proportions of various bioelements in human body 
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elements are given in the fig: 2.1. Some trace elements such as iron are needed by all forms 


of life. Others are required only by certain species. 


The bioelements are combined with each other and can form thousands of different 
biomolecules which may be inorganic (water and minerals) and organic (carbohydrates, 
lipids, proteins and nucleic acids). The proportions of these biomolecules are given in the table. 


Table 2.1: Proportions of various biomolecules in bacterial and mammalian cells 
Water 70% 70% 
Protein 15% 18% 
Carbohydrates 3% 4% 
Lipids 2% 3% 
DNA 1% 0.25% 
RNA 6% 1.1% 
Other organic molecules (enzymes, hormones, metabilites) 2% 2% 
Inorganic ions (Na*, K*, Ca™*, Mg++, Cl, SO47) 1% 1% 


The four fundamental kinds of biological molecules are carbohydrates, proteins, lipids 
and nucleic acids. Carbohydrates are present in the cytoplasm of the cells and provide fuel 
for the metabolic activities of the cell. Proteins are present in the membranes, ribosomes, 
cytoskeleton and enzymes of the cell. Lipids are present in the membranes and cytoplasm of 
the cell. Lipids provide a reserved energy source, shape, protect and insulate the cells. The 
nucleic acid DNA is present in the chromosome. It controls the cell activity. The nucleic acid 
RNA is present in the nucleoplasm and cytoplasm. It takes genetic information from DNA and 


play role in protein synthesis. 


2.1.2 Condensation and Hydrolysis 


A macromolecule is high molecular weight 
compound which is made from many repeating units. 
Molecules built like this are also known as polymers. 


The individual units of polymers are micromolecules 
which are also known as monomers. The 
interconversions of these molecules are carried out by 
condensation and hydrolysis. 

During condensation, when two monomers join, 
a hydroxyl (-OH) group is removed from one monomer 
and a hydrogen (—H) is removed from the other to make 
water and as a result a bond is synthesized between the 
monomers. The product of such reaction is called a 


Fig: 2.2: Monomer and polymer 


(1) Dimer 
e s Eum Condensation Condensation E «+ 
<“yanlysis, ydrolysis 


monomers dimer 


(2) Polymerisation 


+ + + + + 
en ee eee 


OH H OHH OHH OH H OH 


Condensation | | h 


1, OC0882 ., 


ydrolysis 


Fig. 2.3: Condensation and Hydrolysis 
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dimer. If the same reaction is repeated several 
times the resulting molecule will be a polymer. 
Condensation is also called dehydration synthesis 
because water is removed (dehydration) and bond 
is made (synthesis). Condensation does not take 
place unless the proper enzyme is present and the | than taking part in a chemical reaction. Also 


monomers are in an activated energy- rich form. do not assume that this breakdown releases 


ae : energy, which is usually produced when the 
The hydrolysis is essentially the reverse of simpler substances are oxidized in 


condensation i.e., the breakdown of a polymer into | respiration. Hydration is yet another 
its monomers by the addition of water. During | completely different process, involving the 
hydrolysis, an (-OH) group from water is attached addition of water, but not breaking of bonds. 
to one monomer and (-H) is attached to the other monomer. Actually all digestion reactions 
are examples of hydrolysis, which are controlled by enzymes such as carbohydrases, 
proteases, lipases, nucleases. 


2.2 IMPORTANCE OF WATER 


Water is one of the main constituents on earth. More than two thirds of the earth is 
covered by water. Approximately 70 percent of the any organism is formed of water. Water is 
the most abundant component in any organism, the lowest is 20% in seeds and bones and 
highest is 85-90% in brain cells. Jellyfish has exceptionally large 
amount of water i.e., 99% (hence the body shows transparency). 


Science Titbits 

Do not confuse involvement of water 
in hydrolysis with making a solution, in which 
the role of water is to act as a solvent, rather 


Critical Thinking 
A When hydrogen gas 
2.2.1. Properties of water combines with oxygen gas 


to form water, is the 
hydrogen reduced or 


1. High polarity oxidized? 


The properties of water that make it the cradle of life are: 


The bonds which are formed by the mutual sharing of electrons between two atoms 
are called covalent bonds. Normally the sharing of electrons between two atoms is fairly 
equal and the covalent bond is nonpolar. In the case of water, however the sharing of 
electrons between oxygen and hydrogen is not completely equal so the covalent bond is 
polar. A polar covalent bond is a chemical bond in which 
shared electrons are pulled closer to the more 
electronegative atom, making it partially negative and the 


other atom partially positive. Thus, in H20, the O atom bai Pe 
Oty 


actually has a slight negative charge and each H atom 
has a slight positive charge, even though H20 as a whole H ot 
is neutral. Because of its polar covalent bonds, water is a 
polar molecule i.e., it has a slightly negative pole and two 
slightly positive ones. Fig: 2.4: Polarity of water molecule 


This is polarity of water molecules that makes it an excellent or universal solvent for 
polar substances. lonic compound or electrolytes can be easily dissolved in water, non-polar 
substances having charged groups in their molecules can also be dissolved in water. Such 
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compounds when dissolved in water, disassociates into positive and negative ions and are in 
more favourable state to react with other molecules and ions. This is the reason why all 
chemical reactions in living beings occur in aqueous medium. 


2. Hydrogen bonding 


The polarity of water molecules makes them interact 
with each other. The charged regions on each molecule are 
attracted to oppositely charged regions on neighbouring 
molecules, forming weak bonds. Since the positively charged 
Q region in this special type of bond is always an H atom, the bond 


(-) Hydrogen bond 
. 


(+), is called a hydrogen bond. This bond is often represented by a 
; “O dotted line because a hydrogen bond is easily broken. 


Because of hydrogen bonding, water is a liquid at 
temperatures suitable for life. The high cohesion and 
adhesion force of water is due to the presence of hydrogen 

Fig: 2.5 Hydrogen bonds between bonds in water, which in turns makes water as transport 
water molecules medium. 


3. Cohesion and adhesion 

Cohesion is the attraction among the water molecules which enables the water 
molecules to stick together. Water flows freely due to cohesion. Water molecules also have 
attraction to polar surfaces. This attraction is called adhesion. Both cohesion and adhesion 
are due to hydrogen bonds among water molecules. These properties of water enable it to 
circulate in living bodies and to act as transport medium. 


4. High specific heat capacity 


Heat capacity can be defined as the amount of heat required for minimum increase in 
temperature of a substance. The specific heat capacity of water can be represented as 
number of calories required to raise the temperature of 1g of water up to 1°C i.e., 1 Calorie 
(4.18 Joules). Water has relatively a very high heat capacity than any other substance due to 
its hydrogen bonding, because much of the heat absorbed by water is utilized in the 
breakdown of hydrogen bonding therefore it does not manifest itself to raise the temperature of 
water. Hence, very large amount of heat can increase very little in temperature in water. Due 
to its high heat capacity water works as temperature stabilizer or regulator for organisms in 
the hot environment and hence protects the living material against sudden thermal changes. 


5. High heat of vapourization 


Heat of vapourization is the amount of heat required to convert a unit mass of a 
liquid into gaseous form. Heat of vapourization of water is represented as number of calories 
absorbed per gram vapourized. Water has high heat of vapourization i.e., 574 calories per 
gram. The high heat of vapourization means that a large amount of heat can be lost with 
minimal loss of water from the body. This is high heat of vapourization of water that gives 
animals an efficient way to release excess body heat in a hot environment. When an animal 


sweats, body heat is used to vapourize the sweat thus cooling the animal. Due to this 
property of water, evaporation of only 2 ml out of one litter of water lowers the temperature of 
the remaining 998 ml water by 1°C. 


6. Hydrophobic exclusion 


Hydrophobic exclusion can be defined as 
reduction of the contact area 
between water and hydrophobic substances 
which are placed in water. For example, if you 
place few drops of oil on the surface of a water 
solution, the oil drops will tend to join into a 
single drop. Biologically, hydrophobic exclusion 
plays key roles in maintaining the integrity of lipid bilayer membranes. 


7. lonization mm e/ 
The dissociation of a molecule into ions HW H > H + H 
j j 


is called ionization. When water molecule 
ionizes, it releases an equal number of positive 
hydrogen and negative hydroxyl ions. 


This reaction is reversible but Fig: 2.7: lonization of water 
equilibrium is maintained at 25°C. The H* and OH’ ions affect and take part in many of the 
reactions that occur in cells, e.g., it helps to maintain or 
change the pH of the medium. 


Fig: 2.6: Hydrophobic exclusion 


Water molecule Hydroxyl ion Hydrogen ion 
[H,O] [OH] [H'] 


8. Lower density of ice 


Ice floats on water. This is because ice is less dense 
than water. The reason is that ice has a giant structure and 
show maximum number of hydrogen bonding among water 
molecules; hence, they are arranged like a lattice. In freezing 
weather, ice forms on the surface of ponds and lakes forming 
an insulating layer above the water below. This provides a 
living environment for some organisms until the ice melts. Fig: 2.8: Lattice likes arrangement 
Organisms can also live under the ice. of water molecules in ice 


Skills: Analyzing, Interpreting and Communication 


e Draw model diagrams to describe the hydrogen bonding. 


2.3 CARBOHYDRATES 


Carbohydrates are the compounds of carbon, hydrogen and oxygen. Literally word 
carbohydrate means “hydrates of carbon” i.e., a carbon associated with water. Chemically 
carbohydrates are: 


Vie, 
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“Organic compounds that are polyhydroxy H 
aldehydes or polyhydroxy ketones, or change to such sg Zo | 
substances on simple chemical transformations, as G RT H — C — OH 
hydrolysis, oxidation, or reduction.” | | 
2.3.1 Classification of Carbohydrates 4——~¢——9OH o=o 

Carbohydrates are commonly known as | | 

H——C—OH H——C——OH 


sugars or saccharides because more familiar 

carbohydrates have sweet taste. Classification of | | 
carbohydrates is based upon number of saccharide H H 
units. Carbohydrates are generally classified into Polyhydroxy 
three group i.e., monosaccharides, oligosaccharides aldehyde 
and polysaccharides. 


Polyhydroxy 
ketone 


Fig: 2.9: Chemical nature of carbohydrates 


Table: 2.2: Comparison of characteristics of carbohydrates 


They consist of single saccharide | They are composed of 2 to 10 They are composed of more than 
unit. saccharide units. 10 saccharide units. 


They are simplest carbohydrates; 
therefore, they cannot be further 
hydrolyzed. 


They have less complex structure, so 
upon hydrolysis they yield at least 2 
and maximum. 10 monosaccharides. 


They have highly complex 
structure, so upon hydrolysis they 
yield at least 11 monosaccharides. 


They are highly soluble in water. They are less soluble in water. They are generally insoluble in 


water. 


They are sweetest among all 
carbohydrates. 


They are less sweet in taste. They are tasteless. 


2.3.2 Monosaccharides 


Monosaccharides are true carbohydrates which are either polyhydroxy aldehydes 
or polyhydroxy ketones. The range of number of carbons in monosaccharides is 3 to 7. 
All the carbon atoms in a monosaccharide except one, have a hydroxyl group (-OH) while 
the remaining carbon atom is either the part of aldehyde or ketone. The general formula 
for the representation of monosaccharides is ChH2nOn, where, n is the number of carbon 
atoms in monosaccharides. 


Classification of monosaccharides 


Classification of monosaccharides is based upon functional group and number of 
carbon atoms. On the basis of functional group, the monosaccharides containing aldehyde are 
called aldoses while those containing ketone are called ketoses. On the other hand 
monosaccharides are classified into five groups based upon number of carbon atoms i.e., 
trioses (3C), tetroses (4C), pentoses (5C), hexoses (6C) and heptoses (7C). 
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Table: 2.3: Examples and functions of monosaccharides 
Trioses C3H,.O3 Glyceraldehyde | Dihydroxy Intermediates in photosynthesis and cellular 
(3C) acetone respiration. 
Tetroses | CyH sO, Erythrose Erythrulose Intermediates in bacterial photosynthesis. 
(4C) 
Pentoses | Cs5H1905 Ribose, Ribulose Ribose and deoxyribose are components of 
(5C) Deoxyribose RNA and DNA respectively. 
(Cs5H 1004) Ribulose is an intermediates in photosynthesis. 
Hexoses CgH120¢ Glucose, Fructose Glucose is respiratory fuel (initial substrate) 
(6C) Galactose Fructose is an intermediate in respiration. 
Galactose is the component of milk sugar. 
Heptoses | C7H1407 Glucoheptose Sedoheptulose | Intermediates in photosynthesis. 
(7C) 
Chemical structures of monosaccharides 
‘CHO HOCH, Bi. Gn | Monosggepearides are usually found in open 
H20_OH chain structure in crystalline form but when they are 
? 3l oH i; i dissolved in water most of them (pentoses and 
Shin a : hexoses) are converted into ring chain structure. 
H7C—OH OH OH F : . 
5 fiig' structure Let us understand it by taking ribose 
CH20H (C5H1905) as an example. It can exist in open chain 
Ribose 


structure in dried form but it exists in ring structure 
in aqueous medium. When it is dissolved in water, 
the oxygen atom from aldehyde group reacts with 
second last carbon i.e., C4 in case of ribose. In this 
way oxygen atom forms a link between C1 and C4 while the OH group of 


(open chain structure) 


Fig: 2.10: Conversion of open chain into ring 
chain 


O H 
ci C4 is shifted to C1. After this 6@H,0H 6 @H,OH 
H—C.—OH modification ring structure of ribose 5 
it H BO oy 
| is formed. i/H 
HO—C;—H o {Oy 4! 
| Each pentose or hexose 
H—C,—OH a a a, a 
* molecule in ring structure exists in | 
H= — OH either a or B form depending upon | “SB ve 2b 
| a (t-Glucose {}-Glucose 
H—C,—OH the position of -H and -OH group on 
i C-1. If -OH group is found Fig: 2.12: a and $ isomers of glucose 


downward on C-1 then it is called a sugar and if -OH is present upward 
on C-1 then it is known as B sugar as shown in the fig: 2.12. 


Stereoisomerism in Glucose 


Fig: 2.11: Glucose 
open chain structure 


Stereoisomers are molecules that have the same molecular formula and differ only in how 
atoms are arranged in 3D space. Enantiomers is a type of stereoisomers in which molecules 
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are nonsuperimposable mirror-images. This means that the CHOH CHOH 
molecules are mirror image but they cannot be placed on top ‘| i 
of one another to give the same molecule. An example of J N / 7 X 

enantiomer is D and L glucose. D sugars are right handed k M AA H Ne" 


SIA 
and L sugars are left handed molecules. OH oH i OH| OH \o i i 
„gpi u C—C — 
Laboratory Manufactured (Artificial) Sweeteners 1 AN i A 
H 
Laboratory manufactured sugars are L sugars. On the L-glucose D-glucose 
other hand the naturally occurring sugars in bodies are D eens angar) (right-handed sugar) 


sugars. Proteins and cell receptors are designed to react Fig: 2.13: An example of enantiomers 
only with D sugars. For example the enzymes in your 

stomach can digest only right-handed sugars. Likewise left-handed sugars cannot be 
metabolized by right-handed enzymes. Just as the glove fits only on the proper hand, a right- 
handed enzyme cannot fit on or react with a left-handed substrate. The substrate must fit on 
the proper active site of the enzyme. So for the left handed substrate (artificial sweetener) the 
enzyme must be left-handed. 


2.3.3 Oligosaccharides 


This group consists of derivatives of monosaccharides. Those carbohydrates which 
upon hydrolysis yield 2 to 10 saccharide units are called oligosaccharides. On the basis of 
number of saccharide units, the oligosaccharides are classified into disaccharides, 
trisaccharides, tetrasaccharides and so on. The most common among these are 
disaccharides. 

Disaccharides 

Two monosaccharides combine to form a disaccharide. It is a kind of oligosaccharides. 

Disaccharides are less sweet in taste and less soluble in water. These can be hydrolyzed to 
give monosaccharides. Examples are: maltose, lactose, sucrose. The general formula of 
disaccharide is: C12 H22 O1;. Some common disaccharides are as follows: 
Sucrose: It is commonly known as cane sugar. It is widely used as sweetener at homes for 
making sweet dishes. In plants sucrose is also called transport disaccharide as prepared 
food in plants is transported in the form of sucrose. It is very soluble and can therefore be 
moved efficiently in high concentration in plants. It is also relatively unreactive chemically. The 
sucrose is formed by the condensation of glucose and fructose. In this reaction, the —OH 
group at C-1 of glucose reacts with the -OH group at C-2 of fructose, liberating a water 
molecule forming a-1,2-glycosidic linkage. 


a- Glucose B- Fructose Sucrose Water 
a - 1,2-Glycosidic linkage 


Fig: 2.14: Formation of sucrose 


Maltose: It is commonly known as malt sugar. It is an intermediate disaccharide produced 
during the breakdown of starch and glycogen. Maltose is generally found in germinating 
seeds. The maltose is formed by the condensation of two a-glucoses. In this reaction, the -OH 
group at C-1 of one glucose reacts with the -OH group at C-4 of other glucose, liberating a 
water molecule forming a-1, 4-glycosidic linkage. 


6 
HOCH, 


a- Glucose a - Glucose Maltose. Water 
a-1, 4-glycosidic linkage 


Fig: 2.15: Formation of maltose 


Lactose: It is commonly known as milk sugar. The lactose is formed by the condensation of B- 
galactose and £-glucose. In this reaction, the -OH group at C-1 of galactose reacts with the -OH 
group at C-4 of glucose, liberating a water molecule forming B-1, 4-glycosidic linkage. 


6 

HOCH, 
HO H 
4 = 4 

H Ho 

2 2 
H OH OH H 
B - Galactose B - Glucose Lactose Water 


6-1, 4-glycosidic linkage 


Fig: 2.16: Formation of lactose 
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Any carbohydrate which is capable of being oxidized and causes the reduction of other substances 
without having to be hydrolyzed first is known as reducing sugar, but those which are unable to be oxidized 


and do not reduce the other substances are known as non-reducing sugars. All monosaccharides and two of 
three types of disaccharides (maltose and lactose) have the open chemical structure needed to act as 
reducing agents. The third type of disaccharides, sucrose, and polysaccharides are non-reducing sugars. 


2.3.4 Polysaccharides 


Those carbohydrates which upon hydrolysis yield more than ten monosaccharide units 
are called polysaccharides. This is largest group of carbohydrates. The polysaccharides which 
are composed by the condensation of only one kind of monosaccharides are called 
homopolysaccharides e.g., starch, glycogen, cellulose, chitin; whereas the polysaccharide 
which are composed by the condensation of different kind of monosaccharides are called 
heteropolysaccharides e.g., agar, pectin, peptidoglycan. Polysaccharides function chiefly as 
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food and energy stores, e.g., starch, glycogen, and structural material, e.g., cellulose and 
chitin. They are convenient storage molecule for several reasons. Their large size makes them 
more or less insoluble in water, so they exert no osmotic or chemical influence in the cell; they 
fold into compact shapes and they are easily converted to sugars by hydrolysis when required. 
Some common polysaccharides e.g., starch, cellulose, and chitin are being discussed here. 


Starch 


Starch is a homopolysaccharides which is formed by the condensation of hundreds of 
a-glucoses. It is storage carbohydrate of plants. It is mainly stored in root, stem and seeds. 
Cereal grains and potato tubers are rich sources of starch in human diet. Starch is digested in 
oral cavity and in small intestine by the enzyme amylase. Upon hydrolysis it yields maltose first 
and then maltose is further digested by maltase enzyme and yields glucoses. The presence of 
starch in a given sample can be confirmed by iodine test as it gives blue colour with iodine 
solution. There are two types of starches i.e., amylose and amylopectin. 


HO HO HO - HO HO HO 
oO > O 
S OH OH OH ga C) OH S 
° °o o ° o O o 
HO HO HO HO HO HO HO HO 


Segment of an amylose molecule 


Seer eee 


Segment of an amylopectin molecule, showing one c-1,6 branch linkage 


Fig: 2.17: Structure of starches 


Amylose is un-branched i.e., a linear chain of glucoses in which glucoses are attached 
together by a-1, 4-glycosidic linkages. It is soluble in hot water only. On the other hand, 
amylopectin has branched structure i.e., a linear chain of glucoses but more chains of 
glucoses in the form of branches are also attached by a-1, 6-glycosidic linkages. It is 


completely insoluble in water. Oy 
SO "Ory E 
Glycogen eR 7 
eo, Ss 
2 
. . Q wel + 
Like starch, glycogen is also a ? Ee CR hy 
f Oy 3 
homopolysaccharides composed of a-glucoses. a. 2 my 
7 On [o] 
It is storage carbohydrate of animals. It is mainly 
stored in liver and muscles. Therefore it is also CH;OH chon % Son, CHOH 
g j . . = Q ° o 
known as animal’s starch. The digestion of Kon oK o an o KDL. 
glycogen is also quite similar to that of starch. OH OH OH OH 


The presence of glycogen in a given sample can Fig: 2.18: Structure of glycogen 


also be confirmed by iodine test as it gives red colour with iodine solution. Structure of 
glycogen resembles with amylopectin starch but glycogen has much more branching than 
amylopectin. 
Cellulose 

Cellulose is most abundant carbohydrate on 
earth. It is also a homopolysaccharides but unlike 
starch and glycogen it is formed by the 
condensation of hundreds of B-glucoses. It is 
structural carbohydrate of plants as it is major 
constituent of plant cell wall. Cotton and paper are 
the pure forms of cellulose. Fig: 2.19: Structure of cellulose 


-1, 4-glycosidic linkages 


Cellulose shows no colour with iodine solution. Structure of cellulose resembles with 
amylose starch in such a way that it has un-branched structure but it has B-1, 4-glycosidic 
linkages between glucose residues. 
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Cellulose cannot be digested by human body but it has to be taken into diet because it works as roughage or 
fibre so it prevents abnormal absorption of food in intestine. However, herbivore animals have some symbiotic 
bacteria that secrete cellulase enzyme for its digestion. Upon hydrolysis it first yields a disaccharide, the 
cellubiose and then cellubiose is further digested into glucoses. 


Chitin CH, ee group 
| 


Chitin is the second most. abundant C=0 
Glucosamine = 


organic molecule on earth. It is also a 


homopolysaccharides. It is a structural iH ica 
carbohydrate found in the cell walls of fungi and in i f 9 N 
the exoskeleton of +arthropods. Due to the OH OH 
occurrence of chitin in fungal cell wall, it is also i H 
known as fungal cellulose. Chitin is the H E CH,0H H | NH 
derivative of N-acetyl glucosamine monomers O=C O=C 
which is a modified form of glucose. It has an un- CH, CH, 


branched structure and its monomers are linked 
together by B-1, 4-glycosidic linkages. 


2.4. PROTEINS 


Proteins are the main structural components of the cell. All proteins contain C, H, O and 
N, while some contains P, S. Few proteins have Fe, | and Mg incorporated into the molecule. 


Fig: 2.20: Structure of chitin 


2.4.1 Structure of Proteins 


Chemically proteins can be defined as polymers of amino acids or polypeptide 
chains. A protein may consist of a single polypeptide or more than one polypeptide. 
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Amino acids 


Amino acids are the building blocks of proteins. There x U7 
are many amino acids known to occur, but only 20 are N a | f 
commonly found in proteins. The amino acids are built on a C C 
common plan. Each contains a carbon atom. It is called a FA | A 
(alpha) carbon to this a hydrogen atom, an amino group (- H OH 


NH2), a carboxyl group (-COOH) and a variable group known H 

as -R group are attached. The R group has a different Fig: 2.21 General structure of an 
structure in each of the 20 biologically important amino acids amino acid 

and determines their individual chemical properties. Two simplest amino acids i.e., glycine and 
alanine are shown in figure 2.21. 


Dipeptides and Polypeptides 


Dipeptides and polypeptides are formed by the condensation of amino acids on the 
ribosome under the instructions of mRNA which takes these instructions from DNA. This 
process is known as translation. During this process, when an amino acid reacts with another 
amino acid, the -OH from carboxylic acid group of one amino acid and —H from amino group 
of other amino acid are liberated and form a water molecule, as a result a bond is established 
between C of carboxylic acid group and N of amino group of two amino acids called peptide 
bond. Hence, a product of two amino acids is formed which is known as dipeptide. 


R Carboxyl Amino R orou 
group group group “` SOUP Peptide bond 
N Ye \ Va X i / 
yi + ia ——> N— ra cL \ 
| | g | 
E á ğ | a ! my % 
Glycine Alanine Glycylalanine (a dipeptide) 


Fig: 2.22: Formation of a dipeptide and peptide bond 


A dipeptide has two ends; one is called amino or -N terminal end while other is called 
carboxylic acid or -C terminal end. A new amino acid can be added in this chain from its 
carboxylic acid or —C terminal end in the same way. Thus, a tripeptide (a product of three 
amino acids) is formed and another water molecule is also released. Similarly, when several 
amino acids are linked together by many peptide bonds, the polypeptide chain is formed. 


Structural conformations in proteins 


A linear polypeptide with a specific sequence and number of amino acids is called primary 
structure. It is shown by all proteins at the time of their synthesis on ribosomal surface. After 
synthesis a protein does not remain in its primary structure but can be changed into some 
other structural conformations (particular form, shape or structure). 


A helical (a-helix) or flattened sheets (B-pleated sheet) like structures which are established 
by H-bonding between opposite charge bearing groups of different amino acids are called 
secondary structures. In some proteins the linear polypeptide is changed into a-helix, then a- 
helix fold again and again by ionic bonds and disulfide bridges to form a globular shaped 
structure, the tertiary structure. Some proteins exist in very complex structure in which more 
than one globule is attached together by hydrophobic interaction. Such structures are called 
quaternary structures. 


oo? > Levels of protein organization 
oo" : 
a. Primary protein structure 
is sequence of a chain of amino acid 


a Alpha helix 

b S Secondary protein structure 
occurs when the sequence of amino 
_ acids are linked by hydrogen bonds 


Pleated sheet 


Tertiary protein structure 
Occurs when certain attractions are 
present between alpha helices and 
Alpha helix pleated sheets 


Quaternary protein structure 
is a protein consisting of more than one 


amino acid chain 


Fig: 2.23: Structural conformations in proteins 


2.4.2 Significance of Amino Acid Sequence 


Sequence of amino acid in a polypeptide is a characteristic feature of primary structure 
of protein which is responsible for proper functioning of protein. It is determined by the 
sequence of nucleotide in DNA. Even due to point mutation (change of single or few 
nucleotides in DNA) the sequence of amino acid in a particular protein (polypeptide) may be 
disturbed which causes severe defects in the body as it happens in sickle cell anemia, a 
hereditary disease. 
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Normal red blood cells are disc-shaped and look like doughnuts without holes in the 
centre. They move easily through your blood vessels. Red blood cells contain an iron-rich 
protein called haemoglobin. This protein carries oxygen from the lungs to the rest of the body. 
Normal haemoglobin (Hbô) contains four polypeptides i.e. two a-chains which consist of 141 
amino acids each and two B-chains which consist of 146 amino acids each. 


Sickle cell anemia is a serious disorder in which the body makes sickle or crescent 
shaped red blood cells. Sickle cells contain abnormal hemoglobin called sickle haemoglobin 
(Hb). Sickle haemoglobin causes the cells to develop a sickle, or crescent, shape. Sickle cells 
are stiff and sticky. They tend to block blood flow in the blood vessels of the limbs and organs. 
Blocked blood flow can cause pain and organ damage. Sickle cell anemia is caused by a point 


(a) Normal amino acid sequence (b) Single change in amino acid sequence mutation in B-globin gene in 
thr H Po }[ cu |{ cu} -inr H Pro H| va | cu } which only one nucleotide is 
4 5 6 7 4 5 6 7 : 

replaced by another which 
l causes a change in amino 


acid sequence of ß-chain of 
haemoglobin. Sickle cell 

Normal Sickled haemoglobin (Hb) shows 
EAS a ease ie only one difference from Hb” 
i.e., glutamic acid is replaced 


by valine at position number 


Fig: 2.24: Difference in B-chain of Hb“ and Hb° six in B-chain. 


2.4.3 Classification of Proteins 


Based upon structure and shape proteins can be classified into two groups i.e., fibrous 
and globular. 


Fibrous proteins 


These proteins have fibre or filament like shape. Therefore, they exist in secondary 
structure during function. These proteins are insoluble in aqueous medium, elastic in nature 
and cannot be crystalized. Examples are: collagen, fibrinogen, actin, myosin and keratin. 


Globular proteins 


These proteins have spherical or globules like shape. Therefore, they exist in tertiary or 
quaternary structure during function. These proteins are soluble in aqueous medium, inelastic 
in nature and can be crystalized. Examples are: enzymes, hormones, antibodies, channel proteins. 


2.4.4 Role of Proteins 


Proteins are very important molecules in our cells. They are involved in virtually all cell 
functions. Each protein within the body has a specific function. Some proteins are involved in 
support or composition of body parts i.e., structural roles, while others are involved in various 
physiological activities like bodily movement or in defence against germs i.e., functional roles. 
A list of several types of proteins and their functions is given in table 2.4 and 2.5. 
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Table: 2.4: List of structural proteins 


Collagen It establishes the matrix of bone and cartilages. 

Elastin Elastin provides support for connective tissues such as tendons and 
ligaments. 

Keratin It strengthens protective coverings such as hair, nails, quills, feathers, 
horns, and beaks. 

Histone It arranges the DNA into the chromosome. 

Table: 2.5 List of functional proteins 

Enzymes The most of enzymes are protein which control metabolism i.e., they speed 
up the biochemical reactions. 

Hormones Some hormones are protein in nature which are involved in the regulation 
of physiological activities such as regulation of glucose level, calcium level, 
digestion, blood pressure etc. 

Antibodies These proteins are produced by WBCs in response to antigen (a foreign 


particle) and provide immunity. 


Haemoglobin 


It is found in RBCs and is involved in the transport of oxygen mainly and 
carbon dioxide to some extent. 


Fibrinogen It is found in blood plasma and is involved in blood clotting process. 
Ovalbumin Ovalbumin is found in egg whites and casein is a milk-based protein. Both 
and Casein of them are involved in the storage of amino acids. 


Skills: Analyzing; Interpreting and Communication 


e Draw table to illustrate different structural and functional proteins with roles of each. 


2.5 LIPIDS 


Lipid is the collective name for variety of organic compounds such as fats, oils, waxes 
and fat-like molecules (steroids) found in the body. Therefore, it is defined as a heterogeneous 
group of organic compounds which are insoluble in water (hydrophobic) but soluble in organic 
solvent such as acetone, alcohol, and ether etc. Lipids are composed of carbon, hydrogen and 
oxygen as carbohydrates. However, they have relatively less oxygen in proportion to carbon 
and hydrogen than do carbohydrates. For instance, tristearin is a simple lipid which shows 
molecular formula as Cs7H11006. Due to high contents of carbon and hydrogen, they contain 
double amount of energy than carbohydrates. 
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In general lipids are components of cell membranes (phospholipids and cholesterol), 
act as energy stores (triglycerides), steroid hormones and are also involved in protection, 
waterproofing, insulation and buoyancy. 


Some common lipids are 
acylglycerol, waxes, phospholipids, 
terpenes, prostaglandin and steroids. 


H 0 H 


H H 

| | pou 
H-C-07H t H-O+C-C-H = H-C-0-C-C-H + H,O 

| | 

H 


Acylglycerol | | 


H H H 


Methanol Ethanoic acid Methyl ethanoate 


The most abundant lipids in 
living things are acylglycerol. 
Chemically, acylglycerols can be 
defined as esters of glycerol and Fig: 2.25: Esterification 
fatty acids. An ester is the 
compound produced as the result of a chemical reaction of an alcohol with acid and a water 
molecule is released such a reaction is called esterification. 


Glycerol is a trihydroxy alcohol which contains three carbons, each bears an OH 
group. A fatty acid is a type of organic acid containing one carboxylic acid group attached to a 
hydrocarbon. Fatty acids contain even number of carbons from 2 to 30. Each fatty acid is 
represented as R-COOH, where R is a hydrocarbon tail. When a glycerol molecule combines 
chemically with one fatty acid, a © 0 

Il 


monoacylglycerol (monoglyceride) is | 
formed. When two fatty acids combine with H-C—OH HOl-C—-R H-¢—0—-C—R 


a glycerol a diacylglycerol (diglyceride) is 0 0 
formed and when three fatty acids combine ll ll 
with one glycerol molecule a H-C—OH +HO|—C—R — H-C—O—C—R +3H0 


triacylglycerol (triglyceride) is formed. 0 0 
Triacylglycerols are also called neutral lipid | l 

as all three OH groups of glycerol are H-C—O|H__HO|—C—R H-G—O—C—R 
occupied by fatty acids and no charge aid i menon Wat 
bearing OH grodp {Jett ycero atty acids riacylglycero ater 


. . Fig: 2.26: F ti f a triacylgl | tral lipid 
Properties and types of fatty acids ig ormation of a triacylglycerol (neutral lipid) 


About 30 different fatty acids are found. Fatty acids vary in length. Acetic acid (2C) and 
butyric acid (4C) are simplest fatty acid, whereas palmitic acid (16C) and stearic acid (18C) 
are most common fatty acids. Some properties of fatty acid are increased with an increase in 
number of carbon atoms, such as melting point, solubility in organic solvent and hydrophobic 
nature. Some common fatty acids are given in the table 2.6. Fatty acids are either saturated or 
unsaturated. Fatty acids in which all of the internal carbon atoms possess hydrogen side 
groups are said to be saturated fatty acids because they contain the maximum number of 
hydrogen atoms that are possible, e.g., palmitic acid. Saturated fatty acids tend to be solid at 
room temperature (higher melting point) and are more common in animal lipids (fats). 
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Unsaturated fatty acids have one or more pairs of carbon atoms joined by a double 
bond. They therefore are not fully saturated with hydrogen, e.g., oleic acid. Unsaturated fatty 
acids are liquid at room temperature (lower melting point) and are more common in plant lipids 
(oils). Triglycerides containing hydrocarbon chains melt at a low temperature. This is useful for 
living things. 


Table: 2.6: Common types of fatty acids 


Saturated 


1.Palmitic von fate and CH3 (CH2)14 COOH 63 

2.Stearic ee fats and 18 CH3 (CH2)16 COOH 70 

Unsaturated 

3.Oleic Olive oil 18 CH; (CH3)7 CH= CH (CH2)7 COOH 4 

4.Linoleic Vegetable oils 18 CH; (CH2)4CH ==CHCH,CH == CH (CHp)7 COOH 5 
Waxes 


Waxes are highly hydrophobic compounds. There are two types of waxes. Natural 
waxes are simple lipids. They are typically esters of long chain fatty acids and long chain 
alcohols, such as bee’s wax (found in honeycomb) and cutin (on leaf surfaces of plants). 
These are chemically inert and resistant to atmospheric oxidation. Waxes have protective 
functions in plants and animals. 


Synthetic waxes are generally derived from petroleum or polyethylene e.g. paraffin 


wax which is used to make candles. 

Phospholipids silat eae) Í 
Phospholipids are derived from Mayou) OSHATE . =i 

phosphatidic acid. A phospholipid is formed | GLYCEROL hor di 

when phosphatidic acid combines with one of E | | Bi a 

the four organic compounds such as choline F 

(a nitrogenous base), ethanolamine (an 

amino alcohol), inositol (an amino alcohol) 

and serine (an amino acid). A phosphatidic 

acid molecule is most similar to diglyceride ane 

that it contains a glycerol, two fatty acids tails 

esterified with first and second OH groups of s 

glycerol and a phosphate group esterified with a 

third OH group of glycerol. Most common type g 

of phospholipid is phosphatidylcholine also 

called lecithin in which choline is attached to ` 

phosphate group of phosphatidic acid. One Fig. 2.27: Phosphatidylcholine (Lecithin) 

end of the phospholipid molecule, containing the phosphate group and additional compound is 

hydrophilic i.e., polar and readily soluble in water. The other end, containing the fatty acid side 


cis-double 
— bond 


FATTY ACID 


Vie, 
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chains, is hydrophobic i.e., non-polar and insoluble in water. These phospholipids are major 
constituents of lipid bilayer of cell membrane. 


CH, Terpenes 
l All the terpenes are synthesized from a five-carbon building block 
H,c7~ NcZ 2 known as isoprene unit. This unit condenses in different ways to form 


| many compounds. Two isoprene units form a monoterpene e.g., 
_ menthol, four form a diterpene e.g., vitamin A, phytol (chlorophyll tail) 
Fig. 2.28 Isoprene unit ang six form a triterpene e.g., ambrein. Natural rubber is a polyterpene. 


Steroids 


Steroids are lipids of high molecular weight which can be crystalline. A steroid nucleus 
consists of 17 carbon atoms arranged in four attached rings, three of the rings contain six 
carbon atoms, and the fourth contains five. The length and structure of the side chains that 
extend from these rings distinguish one steroid from 
other steroids. These structures are synthesized from 
isoprene units. 


18 


Cholesterol is a structural component of cell 
membrane. Cholesterol is the precursor of a large 
number of equally important steroids which include the 
bile acids, male sex hormone testosterone, female sex 
hormone progesterone and estrogen etc. Bile salts which 
emulsify fats and Vitamin D, which helps to regulate 
calcium metabolism are also steroid. 


Fig. 2.29 Steroid nucleus 


Prostaglandins 


Prostaglandins exist in virtually every mammalian tissue, acting as local hormones. 
Prostaglandins are derived from arachidonic acid. Their functions vary widely depending on 
the tissue. Some reduce blood pressure, whereas others raise it. In the immune system, 
various prostaglandins help to induce fever and inflammation and also intensify the sensation 
of pain. They also help to regulate the aggregation of platelets an early step in the formation of 
blood clots. In fact, the ability of aspirin to reduce fever and decrease pain depends on the 
inhibition of prostaglandin synthesis. 


Science, Technology and Society Connections 
e Relate the role of prostaglandin in inflammation with the inhibition of prostaglandin synthesis 
through aspirin. 


Prostaglandins play a pivotal role in inflammation a process characterized by redness (rubor), heat (calor), 
pain (dolor), and swelling (tumor). The changes associated with inflammation are due to dilation of local blood 
vessels that permits increased blood flow to the affected area. The blood vessels also become more 
permeable, leading to the escape of white blood cells (leukocytes) from the blood into the inflamed tissues. 


Aspirin is anti-inflammatory, analgesic, and antipyretic. Aspirin inhibits prostaglandin synthetase salicylate. 
This drug affects the metabolism of arachidonate via the lipoxygenase pathway by inhibiting the conversion of 
12-hydroperoxy- to 12-hydroxy-5, 8, 10, 14-eicosatetraenoic acid. 


2.6 NUCLEIC ACID 


Nucleic acids were first reported (in 1869) by a Swiss physician when he isolated a new 
compound from the nuclei of pus cells (white blood cells). This compound was neither a 
protein nor lipid nor a carbohydrate; therefore, it was a novel type of biological molecule. He 
named this molecule as nuclein, because it was located in the nucleus. The basic structure 
and chemical nature of nuclein was determined (in 1920) and was renamed as nucleic acid 
because of its acidic nature. 


2.6.1 Chemical Structure of Nucleic Acids 


Now it has been cleared that nucleic acids are of two types i.e., deoxyribo nucleic 
acid (DNA) and ribo nucleic acid (RNA). Both nucleic acids are linear un-branched 
polymers. The monomers of the nucleic acid are called nucleotides. 


Composition of a nucleotide 


Nucleotides of DNA are called deoxyribonucleotides and of RNA are known as 
ribonucleotides. Each nucleotide consists of pentose sugar, a phosphate and a nitrogen 
containing ring structure called base. The pentose sugar in deoxyribonucleotides is 


HOCH, o OH HOCH; o OH (e) 
p=” i” e 
De HEY h ao 
òH H OH OH O-....H* 
Deoxyribose Ribose 3 : 
ean DNA) (found in RNA) Phosphoric acid 
Nie O o 
H Il Il 
C C Cc Cc 
N AP >. S — CH3 
ni th Ne i i- * SCH my 3 ; s7 
HC 2 6CH ce 8CH C2 CH c2 6CH 
H H H 
Pyrimidine Cytosine (C) Uracil (U) Thymine (T) 
(found in RNA) (found in DNA) 
NH o 
H | 
Cc 
LO N aN N Mes N 
Nie ey tr Ne Ge aN HN ey ee eS 
p all 8 CH | z al p" i% al a CH 
9 9 9 
MN a iw a CN AON 
H H H 
Purine Adenine (A) Guanine (G) 


Fig. 2.30: Components of nucleotides 
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deoxyribose and in ribonucleotides is ribose. Phosphoric acid is a common component of 
both nucleotides which provides acidic properties to DNA and RNA. The nitrogen containing 
ring structures are called bases because of unshared pair of electron on nitrogen atoms, 
which can thus acquire a proton. 


There are two major classes of nitrogenous bases i.e., single ring pyrimidine and 
double ring purines. Pyrimidine bases are of three types i.e., cytosine (C), thymine (T) and 
uracil (U). Thymine is only found in DNA 


Nitrogenous base While the uracil is only found in RNA. On 


be the other hand, the purine bases are also 
TN PN of two types i.e., adenine (A) and guanine 
1 G). 
Phosphate group 8 a | sa 
Pea During the formation of a 
oO NZ 4 œN 
9 


nucleotide, first nitrogenous base is linked 
with 1° carbon of pentose sugar. Such 
combination is called nucleoside. When 
a phosphoric acid is linked with 5’ carbon 
of pentose sugar of a nucleoside, the 
nucleotide is formed. A nucleotide with 
one phosphoric acid is called nucleoside 
OH in RNA” monophosphate with two phosphoric 
acids is called nucleoside diphosphate 
and with three phosphoric acids is called 
nucleoside triphosphate. 


Fig. 2.31: Structure of a nucleotide 


The nucleotides which take part in the formation of DNA or RNA must contain three 
phosphates but during their incorporation into DNA or RNA polymer each nucleotide losses its 
two terminal phosphates. Different terms used for nucleosides and nucleotides are given in the 
table 2.7. 


Table: 2.7: Different types of nucleosides and nucleotides of RNA and DNA 


Ribonucleosides | Ribonucleotides Deoxyribonucleosides | Deoxyribonucleotides 


(Ribose + Base) | (Ribose+Base+ (Deoxyribose + Base) (Deoxyribose+Base+ 
Phosphate) Phosphate) 
Adenine Adenosine AMP, ADP, ATP d-Adenosine dAMP, dADP, dATP 
Guanine Guanosine GMP, GDP, GTP d-Guanosine dGMP, dGDP, dGTP 
Cytosine Cytidine CMP, CDP, CTP d-Cytidine dCMP, dCDP, dCTP 
Uracil/ Thymine | Uredine UMP, UDP, UTP d-Thymidine dTMP, dTDP, dTTP 


Polymerization of nucleotides (Formation of polynucleotide) 


Nucleotides are also joined together by a condensation reaction like other 
biomolecules. Unlike proteins, carbohydrates, and lipids, however, the molecule that is 
released is not water but pyrophosphate (two phosphate groups bound together). When 
pyrophosphate is cleaved by the addition of water, a great deal of free energy is released which 
derives the process. In this way nucleotides begin to link by phosphodiester bonds and a polymer 
of nucleotides (polynucleotide) is formed. Polynucleotides have a free 5' phosphate group at one 
end and a free 3' hydroxyl group at the other end. By convention, these sequences are named 


from 5' to 3’. 
x 
5’-end EARD 
A 
5'-end 


5'-end attaches to 
am Ra 
Precursor ' ! j 
dNTP 5'-end OH 
3'-end 


Fig. 2.32 Polymerization of nucleotides 


2.6.2 Chemical Nature and Role of ATP and NAD 


Adenosine triphosphate (ATP) is a NH, 
mononucleotide. As shown in fig. 2.32 ATP L 
has three parts, connected by covalent ye X 

H—G | 


bonds: (a) adenine, a nitrogen base, (b) 


ribose, a five carbon sugar, (c) three N 


phosphates. The two covalent bonds linking Adenine 
the three phosphates together are called Phosphate groups H 
high-energy bonds. ATP can be converted OH OH 

to ADP and inorganic phosphate (iP) by Ribose 
hydrolysis. ATP is known as the energy Adenosine 


Adenosine monophosphate 
Adenosine diphosphate 


Nicotinamide adenine dinucleotide Adenosine triphosphate 
(NAD) consists of two nucleotides. One Fig. 2.33 Structure of ATP 


currency of cells. 
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O nucleotide consists of nicotinamide, sugar and phosphate. 
Other nucleotide consists of adenine-sugar and phosphate. The 
two nucleotides are joined by their phosphate group forming a 
dinucleotide. NAD is a coenzyme. 


2.6.3 Watson and Crick Model of DNA 


In 1951, Erwin Chargaff found that the nitrogenous 
bases in a DNA show specific ratios. He observed that amount 
4 | of adenine is always equal to the amount of thymine and 

O=P—O N 2 amount of guanine is always equal to the amount of cytosine in 
o O DNA. This implies that the total purines and total pyrimidines 
are in 1:1 in any DNA. This conclusion is known as Chargaff’s 
rule. In those days the X-ray diffraction analysis of DNA by 
Maurice Wilkins and Rosalind Franklin was published. They 
first time claimed that DNA is a duplex (double helix) molecule. 
The width of duplex is 2nm while the length of each turn is 3.4nm. In 1953, on the basis of 
these observations a graduate student Francis Crick and a research fellow James Watson of 


Cambridge University proposed a physical model of DNA which is now called Watson and 
Crick Model of DNA. 


OH OH 
Fig. 2.34 Structure of NAD 


According to this model a DNA is made up of two polynucleotide chains which are 
attached together by base pairs. In order to make base pairing the two polynucleotide chains 
are opposite in direction i.e., one chain runs from 5’ to 3’ downward and the other chain runs 


5" end 


5’ end 
(a) Key features of double helix model (b) Partial chemical structure 


Fig. 2.35 Watson and Crick model of DNA 


from 5’ to 3’ upward. Both chains show a constant width of 2 nm. Therefore, both chains are 
supposed be antiparallel to each other. The base pairing is very specific i.e., Adenine makes 
the pair with Thymine and Guanine with Cytosine. The base pairs are held together by the 
hydrogen bond. There are three hydrogen bonds between Guanine and Cytosine and two 
hydrogen bonds between Adenine and Thymine. Each turn of the duplex consist of 10 base 
pairs. Both polynucleotide chains are complementary to each other. There is no restriction of 
the sequence of nucleotides along the length of a DNA strand. The sequence can vary in 
countless ways. The sequence is specific for different species, organisms and even 
individuals. 


Pa Science Titbits 


Watson and Crick assembled the molecular model and published their two-page article on their 


molecular model of DNA in the journal “Nature” in April 1953. Few milestones in the history of biology 
have as broad an impact as their double helix. They were awarded Nobel Prize in 1962 for their model 
of DNA. 


2.6.4 Concept of Gene 


A gene is region of DNA which is made up of nucleotides. It is the physical and 
functional unit of heredity. Each gene contains the information required to build specific 
proteins needed in an organism, such as they contain the instructions for our individual 
characteristics — like eye and hair colour. In order to make proteins, the gene from the DNA is 
copied into messenger RNA. The mRNA moves out of the nucleus and uses ribosomes to 
form the polypeptide that finally folds and configures to form the protein. 


2.6.5 Ribonucleic Acid (RNA) 


RNA is also a polymer of nucleotides. Its detailed chemical nature has already been 
discussed in previous topics. Unlike DNA, the RNA is generally single stranded and does not 
form a double helix like DNA. However, some regions of RNA shows a secondary double 
stranded structure in their complementary regions. There are three major classes of RNA each 
with a special function in protein synthesis. These RNA are transcribed from DNA template. 


Messenger RNA (mRNA) 


mRNA consists of a single strand of variable length. Its length depends upon the size of 
the gene, as well as the protein for which it is taking message. For example, for a protein 
molecule consisting of 100 amino acids, the mRNA will have the length of 300 nucleotides. 
Actually every three nucleotides in mRNA encode a specific amino acid, such triplets of 
nucleotides along the length of mRNA are called codons of genetic codes. mRNA is about 3 
to 4% of the total RNA in the cell. mRNA takes the genetic message from the nucleus to the 
ribosome in the cytoplasm to form particular protein. This process is known as translation. 
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Ribosomal RNA (rRNA) 


Ribosome consists of rRNA and protein. rRNA is transcribed by the genes present on 
the DNA of the several chromosomes. It is called rRNA because it eventually becomes part of 
ribosome. The rRNA is packaged with a variety of proteins into ribosomal subunits. The base 
sequence of rRNA is similar from bacteria to higher plants and animals. rRNA have largest 
size among the RNA. Approximately, 80% of total RNA contents of a cell are rRNA. It is a part 
of ribosome where protein synthesis takes place. In other words rRNA provides a platform for 
protein synthesis. 


Amino acid 
Transfer RNA (tRNA) 


A 

Cc 

c 5 

_™ Hydrogen 
: bonding 


Tere 


It is the smallest of the RNA molecules 
and it consists of 75 to 90 nucleotides. A tRNA is 
a single stranded molecule but it shows a duplex 
appearance at its some regions where 
complementary bases are bonded to one 
another. It shows a flat cloverleaf shape in two 0 loop D loop 
dimensional views. Its 5’ end always terminates 
in Guanine base while the 3’ end is always 
terminated with base sequence of CCA. Amino 
acid is attached to tRNA at this end. The ~ “RMA 
nucleotide sequence of the rest of the molecule Pert er LPP | 
is variable. : cogan 
Fig: 2.36: Cloverleaf model of tRNA 


ee 


anticodon 
- s k 


tRNA has three loops. The middle loop in 
all the tRNA is composed of 7 bases, the middle three of which form the anticodon; it is 
complementary to specific codon of mRNA. The D loop recognizes the activation enzyme. 
Theta (0) loop recognizes the specific place on the ribosome for binding during protein 
synthesis. There is at least one tRNA molecule for each of the 20 amino acids found in 
proteins. Sixty tRNA have been identified. However, human cells contain about 45 different 
kinds of tRNA molecules, each transports a specific amino acid from cytoplasm to the surface 
of ribosome for protein synthesis. 


Science, Technology and Society Connections 


e Correlate the scanning tunnelling microscope as the 
latest advancement for seeing the atoms of DNA. 


The Scanning tunneling microscope was invented in 1980. It 
can allow scientists to view atoms on the surface of a solid. It 
is a very powerful tool that can be used to resolve features 
less than a nanometer. The microscope’s inventors, Gerd 
Binnig and Heinrich Rohrer were awarded Nobel Prize in 
Physics in 1986. Seeman's group worked on the DNA 
nanotechnology. They constructed molecular building blocks 
of DNA. 


Scanning tunneling Atoms seen on the 
microscope surface of a solid 


2.7 CONJUGATED MOLECUELS 


Molecules when joined by other kinds of molecules are called conjugated molecules. 
The examples are glyocolipids, glycoproteins, lipoproteins and nucleoproteins. 


Glycolipids are complex lipids containing one or more simple sugars in connection with 
long fatty acids or alcohol. Glycolipids are present in white matter of brain and myelin sheath 
of nerve fibres and chloroplast membrane. 


Glycoproteins are formed when proteins are covalently attached to carbohydrates. 
Glycoproteins are widely distributed in the cells. They function as hormones, transport proteins, 
structured proteins and receptors. The blood group antigens contain glycoproteins, which also 
play an important role in blood grouping. 


KS Ge 
Lipoproteins are formed by the combination PY i a 
of protein with phospholipids. Phospholipid protein SciencefTitbits 


complexes are widely distributed in plant and animal 
material. They occur in milk, blood, cell nucleus, egg | hydroxyl group in ribose? The answer is that a 


yolk membrane and chloroplasts of plants. hydroxyl group at the 2' position can participate in 


. . . . a reaction that cleaves the phosphodiester bond. 
Nucleoproteins consist of simple basic | Thus, DNA can act as a stable long-term 


protein and nucleic acid. They are found in | repository for genetic information. RNA is usually 
chromosomes and ribosomes. degraded within your cells in 30 minutes. 


Why do the nucleotides in DNA have a 
hydrogen atom at the 2' carbon instead of the 


Skills: Analyzing, Interpreting, and Communication 
« Draw the Watson—Crick model of DNA 


e illustrate the formation of phosphodiester linkage 


Science Technology and Society Connections 


e List the career opportunities in the field of biochemistry. 

Biochemistry, the study of chemical processes that take place in living organisms, is a broad field that offers a 
wide range of career options. Biochemists can pursue stem cell or genetic research that has the potential to 
result in dramatic medical or scientific breakthroughs. Some biochemists study the body’s immune response 
to germs and allergens or the effectiveness of drugs in treating a wide array of afflictions. Other biochemists 
work in the commercial food or agricultural field looking for ways to improve products and crops. The many 
and diverse applications of biochemistry include pharmacology, genetics, immunology, bioinformatics, 
environmental science, forensics, toxicological studies and food science. The career options are nearly 
endless, and still unfolding, as new applications for this exciting field of study continue to evolve. 


Performing Benedict's test for reducing sugars and confirmation of the presence of starch 
through lodine test 


Confirmation of the presence of proteins through Biuret test 
Confirmation of the presence of lipids through Emulsion test 
Demonstration of the presence of nucleic acids in biological materials e.g., onion 


Ka 2 Biological Molecules 


Ba Exercise 
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Select the correct answer 


(i) 


(vii) 


(viii) 


(ix) 


(x) 


H2 E 
ATN > 
NH,— C — COOH 


I@ 


An amino acid molecule has the following structure: 


Which two of the groups combine to form a peptide link between two amino acids? 


(A) 1 and 2 (B) 1 and 3 (C) 2.and 3 (D) 2 and 4 
Which class of molecule is the major component of cell membrane 
(A) phospholipid (B) cellulose (C) wax (D) triglyceride 


Glycerol is the backbone molecule for 

(A) ATP (B) terpenes (C) neutral lipids (D) steroids 
A fatty acid is unsaturated if it 

(A) contains hydrogen (B) contains double bonds 

(C) contains an acid group (D) all of them 

In RNA the nitrogen base that takes the place of thymine is 


(A) adenine (B) cytosine (C) guanine (D) uracil 

The ending—ose means a substance is a 

(A) sugar (B) lipid (C) protein (D) nucleic acid 
Glycolipids and lipoprotein are important components of 

(A) cellular membrane (B) cell wall (C) both of them (D) none of them 
When two amino acids are linked to form peptide linkage .......... is removed 

(A) hydroxyl (B) water (C) carbon (D) nitrogen 


What is the theoretical number of chemically different dipeptides that may be 
assembled from two amino acids? 

(A) one (B) two (C) three (D) four 

A polar molecule is .................06 in water 

(A) soluble (B) insoluble (C) reactive (D) innert 
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(xi) | Which statement correctly describes a property of water? 
(A) a relatively large amount of heat is needed to increase its temperature 
(B) at normal room temperature, its molecules are bound together by ionic bonds 
(C) the highest density of water occurs below its freezing point 
(D) water acts as solvent for nonpolar molecules 


(xii) Estrogen, vitamin-D and cholesterol are all examples of 


(A) glycolipids (B) lipoproteins (C) terpenes (D) steroids 
(xiii) Which term includes all others? 
(A) carbohydrate (B)starch (C) monosaccharide (D) polysaccharide 
(xiv) Choose the pair of terms that correctly completes this sentence: Nucleotide are to 
------ as --------are to proteins. 
(A) nucleic acids; amino acids (B) amino acids; polypeptides 


(C) glycosidic linkages; polypeptide linkages (D) polymers; polypeptides 
(xv) The enantiomer of D-glucose is 
(A) D-galactose (B) L-galactose (C) both of them (D) none of them 


we 


How would you describe biochemistry? 

What are bioelements? 

Describe the chemical composition of protoplasm. 

What are the four fundamental kinds of biological molecules? Explain. 
Why is the covalent bond in water polar? 

Why water is regarded as universal solvent? 

What is the importance of hydrogen bonding? 

Why very large amount of heat can increase very little temperature in water? 
How water protects living things against sudden thermal change? 

What is the importance of high heat of vapourization of water to animals? 
Describe classification of carbohydrates. 

Describe the classification of monosaccharides? 

Describe the conversion of open chain of ribose into ring chain. 

Draw and label the ring forms of alpha and beta glucose. 

Justify that the laboratory-manufactured sweeteners are “left handed” sugars and 
cannot be metabolized by the “right handed” enzymes. 


30. 
31. 


32. 
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Illustrate the formation and breakage of (a) sucrose (b) maltose (c) lactose. 
Draw the structural formula of amino acid. 
Describe the synthesis of peptide bond 
Describe the four types of structure of proteins. 
Describe (a) globular proteins (b) fibrous proteins. 
Describe the classification of lipids 
What role do lipids play in living organisms? 
Why phospholipids form a thin layer on the surface of an aqueous solution? 
What is isoprene unit? Explain. 
Describe a steroid nucleus. 
How might an error in the DNA of an organism effect protein function? 
Define gene is a sequence of nucleotides as part of DNA, which codes for the 
formation of a polypeptide. 
Write the differences between: 
major and minor bioelements 
dimer and polymer 
polar and nonpolar covalent bond 
polyhydroxy aldehyde and polyhydroxy ketone 
alpha and beta glucose 
D-glucose and L-glucose 
amylase and amylopectin 
amylopectin and glycogen 
primary and secondary structure of proteins 
tertiary and quaternary structure of proteins 
purine and pyrimidine 
saturated and unsaturated fatty acids 
DNA and RNA 


Describe the chemical composition of protoplasm. 

Distinguish carbohydrates, proteins, lipids and nucleic acids as the four fundamental 
kinds of biological molecules. 

Describe and draw sketches of dehydration synthesis and hydrolysis reactions for 
making and breaking of macromolecule polymers. 
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33. How the properties of water make it the cradle of life? 

34. Distinguish the properties and role of monosaccharides. 

35. Write the emperical formula of monosaccharides and classify them. 

36. Compare the stereoisomers of glucose. 

37. Distinguish the properties and role of disaccharides. 

38. Describe glycoside bond in the transport of disaccharides. 

39. Distinguish the properties and role of polysaccharides. 

40. Describe the properties and roles of starch, glycogen, cellulose and chitin. 

41. Justify the significance of the sequence of amino acids through the example of sickle 
cell haemoglobin. 

42. List examples and the roles of structural and functional proteins. 

43. Describe the properties and roles of: 


(a) acylglycerol 
(b) phospholipids 
(c) terpenes 


(d) waxes 
44. Evaluate the role of the following as important groups of lipids and describe their roles 
in living organism: 
(a) steroid 
(b) prostaglandins 
45. Describe the molecular level structure of nucleotides. 
46. Distinguish among the nitrogenous bases found in the nucleotides of nucleic acids. 
47. Describe the structure of a mononucleotide (ATP) and a dinucleotide (NAD). 
48. Explain the formation of phosphodiester bond. 
49. Explain the double helical strucutre of DNA as proposed by Watson and Crick. 
50. What is a gene? How gene codes for the formation of a polypeptide? 
51. Explain general strucutre of RNA. 


52. Explain the structure and role of three types of RNA. 
53. Describe the roles of the following conjugated molecules: 
(a) glycolipids 
(b) glycoproteins 
(c) lipoproteins 
(d) nucleoproteins 
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m p After completing this lesson, 
vA you will be able to 


e Describe the structure of enzyme. 
e Explain the role and component parts of the active site of an enzyme. 


e Differentiate among the three types of co-factors i.e. in organic ions, prosthetic group and co- 
enzymes, by giving examples. 


e Explain the mechanism of enzyme action through Induced Fit Model, comparing it with Lock and 
Key Model. 


e Explain how an enzyme catalyzes specific reactions. 


e Define energy of activation and explain through graph how an enzyme speeds up a reaction by 
lowering the energy of activation. 


e Describe the effect of temperature on the rate of enzyme action 

e Compare the optimum temperatures of enzymes of human and thermophilic bacteria. 
e Describe the range of pH at which human enzymes function 

e Compare the optimum pH of different enzymes like trypsin, pepsin, pepane. 

e Describe how the concentration of enzyme affects the rate of enzyme action. 

e Explain the effect of substrate concentration on the rate of enzyme action. 


e Construct and interpret graphs based on data about the effect of temperature, enzyme 
concentration and substrate concentration on the rate of enzyme action. 


e Describe enzymatic inhibition, its types and its significance. 

e Name the molecules which act as inhibitors. 

e Categorize inhibitors into competitive and non-competitive inhibitors. 
e Explain feedback inhibition. 


e Classify enzymes on the basis of the reactions catalyzed (oxido-reductases, transferases, 
hydrolases, hydrolyases, isomerases, and ligases). 


e Classify enzymes on the basis of the substrates they use (lipases, diastase, amylase, proteases 
etc). 


You got a brief introduction about enzymes in IX-X biology course. There is 
complete check and balance on the chemistry of cell, which is exhibited through various 
enzymatic reactions going on within a cell. The concepts developed in this chapter will 
construct knowledge where you will be able to analyze comprehend and apply that 
knowledge. 
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The sum of all the chemical reactions going on in a cell is known as metabolism. 
These reactions have to be carried out very quickly so that their products can be utilized in 
various life activities in the cells. Enzymes are biological catalysts and therefore they speed 
up the biochemical reaction without being consumed. = 
Some common properties of enzymes are: Py : ee 
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(i) Increase the speed of chemical reaction. 


During the early 


(ii) Required in very small quantity for the reaction. nineteenth century, two French 
chemists, Payen and Persoz 


(iii) Highly sensitive to pH and temperature. grounded sup banay seeds In 


(iv) Either highly specific or slightly less specific. water to make a crude mixture 
that would digest starch. They 


f : wi gave the name diastase 
(vi) Some require co-factor for proper activity. whatever it was that digested 


(v) Can work in vivo (living cells) as well as in vitro (glassware). 


(vii) Lower the need of activation energy. the starch. 
(viii) Only speed up a reaction and do not affect the equilibrium of the reaction. 


3.1 ENZYME STRUCTURE 


With exception of ribozymes, all the enzymes are globular proteins which are made 
up of one or more polypeptides. Ribozymes are the enzymes which consist of RNA and 
are found in ribosomes. For example, peptidyl transferase is a ribozyme which forms 
peptide bond during protein synthesis. 


3.1.1 Shape of Enzymes and Components of an Active Site 


Majority of enzymes which are protein in nature can have molecular weights ranging from 
about 10,000 to over 1 million. Such enzymes have tertiary or quaternary structures. The 
catalytic activity of an enzyme is located in its active site which is a specific charge 
bearing, three dimensional cavity. The substrate (the reactant which is to be converted 
into product) molecule is attached to the active site by non-covalent interactions like 
hydrogen bonding and hydrophobic interactions. Active site consists of 3-12 amino acids 
which may be scattered in the 

polypeptide but are brought together as 

in a particular fashion due to Protein Parts of 
secondary and tertiary folding of the active site 
protein molecule, e.g., the active site 
for aldolase consists of glycine, 
histidine, and alanine amino acids. 
An active site consists of two 
functional regions, i.e., binding site 
and catalytic site. Some amino acids 
have active site which makes bonds (a) 


with substrate constitute the binding _ EE y , ERI 

it bila: dhe other amina- acide Fig: 3.1: Active site: (a) Which substrate fits the active site? (b) 
Si s whit | Grouping of amino acids of a polypeptide during the formation of 
which cause conversion of substrate tertiary structure to produce an active site. 


Active site 


Active Site Carbohydrate 


(b) 
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Substrates 


into product (catalysis) constitute the 
catalytic site. The shape of active site is 
designed according to the substrate 
therefore only a particular substrate can 
attach to the active site, however, 
sometime related substrate can also bind 
to the active site. 


Cofactor 


Some enzymes also require a non- 
protein part, the cofactor which is not only 
responsible for the attachment of substrate 
to the active site but also participate in 
catalytic process. The final shape of active 
site is actually established after the attachment of cofactor. An enzyme which requires a 
cofactor becomes active only if the cofactor is combined with it. Such an active enzyme is 
called holoenzyme. If the cofactor is not available the remaining protein part of enzyme 
becomes catalytically inactive and is called apoenzyme. On the other hand, the enzymes 
which do not require cofactor can also show active and inactive states. Pepsin is an 
example of such enzyme. It is secreted by gastric gland from stomach wall in an inactive 
state, the pepsinogen. In this state, it has an additional polypeptide fragment attached to its 
active site which does not allow the binding 
of substrate, hence it remains inactive. 


Without the cofactor 
attached, the protein 
is not active. 


Cofactor binding 
activates the 
protein. 


Fig. 3.2 Structure of enzyme 


When pepsinogen is exposed in HCI (as in 
stomach cavity) the additional polypeptide 
fragment is removed and as a result 
inactive (apoenzyme) pepsinogen is 
changed into its active (holoenzyme) form, 
the pepsin. 
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How are enzymes formed? Enzymes are 
proteins, so they are formed as per message or 


base sequence in DNA. Enzymes are synthesized 
by living cells but they retain their catalytic action 
even when extracted from cells, i.e., they can act 
in vitro. These days’ enzymes are also being 


produced by recombinant DNA technology. 


3.1.2 Types of Cofactors 


The cofactor may be inorganic or organic molecules. The inorganic cofactors are 
different metallic ions such as Fe’, Mg’, Cu”, Zn*™*, etc. These are only attached to the 
enzymes when substrate gets bind i.e., they are detachable cofactors. Such cofactors are 
also called activators. 


: . +2 
Glucose + ATP Hexokinase + Mg” »  Glucose-6-phosphate + ADP 


The organic cofactors are either co-enzymes or prosthetic groups. The coenzymes 
are the derivatives of vitamins. For example ATP, NAD*, FAD* are common coenzymes. 
Like inorganic cofactors they are also attached to the enzymes when substrate gets bind 
i.e., they are also detachable cofactors. 


Ethyl alcohol Alcohol dehydrogenase + NAD? — Acetaldehyde + NADH, 
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On the other hand a prosthetic group is covalently bonded part of an enzyme 
which is permanently attached to enzyme and does not detach after the completion of 
reaction. An iron containing porphyrin ring attached to some enzymes like cytochromes is 
the example of prosthetic group. 


3.2 MECHANISM OF ENZYME ACTION 


In an enzyme-catalysed reaction, the substrate first binds to the active site of the 
enzyme to form an enzyme-substrate (ES) complex, then the substrate is converted into 
product while it is attached to the enzyme (EP complex), and finally the product is 
released, thus allowing the enzyme to start all over again. 

Be Eo ee eet E tak 
enzyme substrate enzyme-substrate enzyme-product enzyme produ 
complex complex he 


Actually, the enzyme can make the local conditions inside the active site quite 
different from those outside (such as pH, water concentration, charge), so that the 
reaction is more likely to happen. For example, if a substrate is to be split, a bond might 
be stretched by the enzyme, making it more likely to break. 


3.2.1 Models of Enzyme Action 


The mechanism of enzyme action can be explained with the help of two different 
models. Emil Fischer proposed Lock and key model (in 1894). According to this model 
the active site of the enzyme has definite shape and rigid structure. Shape of active site is 
complementary to the shape of substrate. Therefore, a particular substrate can only bind 
to the active site. The active site remains unchanged during or after the reaction. Lock and 
key model assumes that like a particular key opens a particular lock, a specific enzyme 
(key) acts upon a particular substrate (lock). Actually, the notched portion of the key is 
equivalent to the active site on the enzyme. It reflects that enzymes are highly specific in 
their action and each enzyme can carry out only one particular reaction. The enzymes, 


Substrate is Products are released 
GS. going to attach gd 
Active site doest not 
show any change in its shape 
Rigid ZE f 


e ~ active site ) ( 


Enzyme is ready to catalyze a new reaction 
Fig: 3.3: Fischer’s “Lock and Key” hypothesis of enzyme action 
which work according to this model, are called non-regulatory enzymes. However, this 


model is exercised by a very small number of enzymes, for example sucrase, maltase etc. 
The ability of enzyme to catalyze one specific reaction is perhaps its most significant 


| 
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property. Although, many enzymes show a broad range of specificity towards the 
substrate they catalyze. When one enzyme can catalyze only one substrate and 
essentially no others it is called absolute specificity e.g., urease. 


Urea + Water TE Ammonia + Carbon dioxide 

Koshland proposed Induced fit model (in 1959). According to this model the 
active site is flexible; therefore, it is modified as the substrate interacts with enzyme. The 
amino acids, which makeup the active site are molded into a precise shape which enables 
the enzyme to perform its catalytic function more effectively. The change which is induced 
in the shape of active site is responsible for the conversion of substrate into product. As 
the reaction is completed the active site regains its original shape. This is the flexibility of 
active site which allows more than one type of related substrates to be attached on active 
site and therefore, an enzyme can carry out more than one type of related reactions. The 
example is carbonic anhydrase which can add O; to haemoglobin as well as can control 
the formation of carbonic acid and bicarbonates in blood. 


Enzymes, which follow the induced fit mechanism, are called regulatory or 
allosteric enzymes for example hexokinase. 


Carbonic anhydrase Hb40, (Oxyhaemoglobin) 


. Sans Carbonic anhydrase » HCO; . 


Oe gen sh rs is Products are released 


Arere to attach 
Active site has been changed 


| Hb + 40, 


Carbonic anhydrase 


H* + HCO 


Flexible 
active site 


Enzyme is ready to catalyze a new reaction 


Fig: 3.4: Koshland’s “Induced Fit” model of enzyme action 


3.2.2 Energy of Activation 

Molecules do not react with one another unless they are activated in some way. 
The energy that must be added to cause molecules to react with one another is called the 
energy of activation. In nonliving system we use heat as energy of activation to increase 
the number of effective collision between molecules. In living systems large amount of 
heat cannot be used as energy of activation. Why? All living cells and organisms are 
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mainly composed of temperature sensitive 
protein molecules. About 1,000 chemical EEE 
reactions are being carried out in a cell at any without enzyme 
time. Energy of activation required for such a 
large number of reactions cannot be provided 
by living system. 


Activation energy 
with enzyme 


Free Energy 


The living system works in isothermal 
condition. The excited state of molecules or 
reactants is achieved by biochemical 
process. Enzyme (E) reacts with reactant (A) 
to form an AE transitional complex. The 
energy level of AE complex reaches to the 
energy level of reactant B. AE complex then 
reacts with reactant B to form AB and 
enzyme (E) is released. 


Enzyme does decrease the energy of activation by changing energy dependent 
process to energy independent process. Thus the energy of activation is “energy required 
to break the existing bonds and begin the reaction”. An enzyme greatly reduces the activation 
energy necessary to initiate a chemical reaction. 


3.3 FACTORS AFFECTING THE RATE OF ENZYMATIC 
ACTION 


The rate of enzymatic reaction is measured by the amount of substrate changed or 
amount of product formed, during a period of time. The external conditions which affect 
rate of enzyme reactions are: temperature, pH, concentration of enzyme and substrate 
concentration. ss of c 


3.3.1 Temperature 


Heating increases molecular motion. Thus the 
molecules of the substrate and enzyme move more 
quickly, so probability of a reaction to occur is 
increased. Increasing temperature affect the rate of 
reaction in such a way that an increase of just 10°C in 
the existing temperature doubles the rate of reaction 
but this effect remains up to a certain limit. The Fig: 3.6 (a): Effect of temperature on the 
temperature that promotes maximum activity is called  "®te Of an enzyme controlled reaction 
an optimum temperature. If the temperature is increased above this level, then a 
decrease in the rate of the reaction occurs despite the increasing frequencies of collision. 
This is because the secondary and tertiary structures of the enzyme have been disrupted 
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Optimal temperature for some and the enzyme is said to be 
denatured. The enzyme unfolds 
and the precise structure of the 
active site is gradually lost. This 
temperature which causes 
denaturation of enzyme is called 
maximum temperature. The 
10 20 30 40 50 6 70 80 90 100 bonds which are most sensitive to 
Temperature(’C) temperature change are 
Fig: 3.6 (b): Optimum temperature for human enzymes and hydrogen bonds. All human 
thermophilic bacteria enzymes a r- 3 optimum 
temperature of about 37-38°C, but bacteria living in hot springs may have an optimum 
temperature of 70°C or higher. Such enzymes have been used in biological washing 
powders for high temperature washes. If temperature is reduced to near or below freezing 
point, enzymes are inactivated, not denatured. They will regain their catalytic influence 
when higher temperatures are restored. This temperature where an inactive enzyme 
becomes active again is called minimum temperature. 


3.3.2 pH 


Every enzyme functions most effectively over a particular pH range. This narrow 
range of pH at which the maximum rate of reaction is achieved is called optimum pH. 
Enzyme conformation is sensitive to pH changes because pH influences the charges on 
the amino acid side chains that are involved in maintaining tertiary and quaternary structure 
of enzyme. Slight change in optimum pH of an enzyme causes ionization of amino acid of 
the enzyme therefore, they become inactive temporarily. On the other hand, extreme changes in 
optimum pH alter the ionic charge of the acidic and basic groups of enzyme and therefore disrupts 
the ionic bonding (denaturation) that helps to maintain the specific shape of the enzyme. 


Optimal temperature for 


most human enzymes = thermophilic bacterial enzymes 


Rate of Reaction 


The optimum pH values for most 
enzymes fall in the range of pH 6-8, but 


Optimal pH Optimal pH there are exceptions. Some enzymes 
for pepsin for trypsin N ; P 
like papain from green papaya act both 
i in acidic and alkaline media. Protein 
$ digesting enzyme pepsin is active in 
3 acidic medium at pH 2 and trypsin is 
G inactive at this pH but shows maximum 
oO as, 2a . s g 
5 activity in alkaline medium at pH 8. 
T I I T t t 
5 6 7 8 9 10 Critical Thinking 
pH z Industrial pollution can change the pH 
of a pond, lake or river to make the water 
Fig: 3.7: Effect of pH on the rate of enzyme-controlled more acidic. How can this affect the metabolic 


reaction pathways of the plants that live in water? 
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3.3.3 Enzyme Concentration 


Provided that the substrate concentration is 
maintained at a high level (unlimited availability), 
and other conditions such as pH and temperature 
are kept constant, the rate of reaction becomes 
directly proportional to the enzyme concentration. 
If there is only one enzyme in the system it can 
convert hundreds of substrates into products but 
it takes more time. By increasing concentration of 
enzyme, numbers of active sites become more 
available and the rate of conversion of substrate 
into product becomes fast. Such effect persists till 
the equilibrium state (when concentration of 
enzyme and substrate becomes equal), after that 
further increase in enzyme concentration will have 
no effect upon rate of reaction. 


3.3.4 Substrate Concentration 


When other conditions such as pH and 
temperature are kept constant and the enzyme 
concentration is maintained at a higher- level 
(unlimited availability), the increase in substrate 
concentration (S) increases the velocity (V) of the 
enzymatic reaction at first. The reaction ultimately 
reaches a maximum velocity at equilibrium state. 
The rise in V is decreased progressively with 
further increase in S. The reaction does not 
increase by any further rise in substrate 
concentration. This happens because all the 


Rate of 
enzyme- 
catalysed 
reaction 
(velocity V) 


Enzyme concentration 
Fig: 3.8: Relationship between Enzyme 


concentration and the rate of an Enzyme- 
controlled reaction 


Saturation of 
active sites 


All active sites 
are not occupied 


Substrate concentration 


Fig: 3.9: Effect of Substrate concentration on 
the rate of Enzyme-controlled reaction 


active sites of enzyme molecules are occupied by the substrates (saturation) and no 
enzyme is left free to bind with additional molecules of the substrate. 


3.4 ENZYME INHIBITION 


The phenomenon in which an enzyme fails to catalyze Py 
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a reaction is called enzyme inhibition and the molecules 
which react with enzyme but are not converted into desired 


Penicillin blocks the active 


products are called enzyme inhibitors. In general, the | site of an enzyme unique to 
enzyme inhibition is a normal part of the regulation of enzyme | bacteria. When penicillin is 


activity within cells but sometimes when external factors 
cause enzyme inhibition; it may become dangerous for life. 


taken, bacteria die but 
human are unaffected. 


The molecules which act as inhibitors include poisons, cyanides, antibodies, anti- 
metabolites, penicillin, suloha drugs etc. Inhibition may be competitive or noncompetitive. 
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3.4.1 Competitive Inhibition 


A type of enzyme inhibition in which enzyme activity is blocked by the presence of a 
chemical that compete with the substrate for binding to the active site is called 
competitive inhibition. Usually a competitive inhibitor is structurally similar to the normal 
substrate and so fits into the active site of the enzyme. However, it is not similar enough to 
substitute fully for the normal substrate in the chemical reaction and the enzyme cannot 
catalyze it to form reaction products. Competitive inhibition is usually temporary, and 
the inhibitor eventually leaves the enzyme hence it is also called reversible inhibition. 


os -0 This means that the level of 
He 5 inhibition depends on the relative 
MERER concentrations of substrate and i 
Sees nhibitor, since they are 


competing for places in enzyme 

active sites. Therefore, if the 

concentration of the substrate is 

Na aroduct increased relative to the 

oe concentration of the inhibitor, the 
active site will usually be 

P Enzyme Malonate Malonate-enzyme complex occupied by the substrate. An 
example of inhibitor is malonate. 

Succinate dehydrogenase that 
catalyzes the formation of fumarate from succinate is competitively inhibited by malonate. 


Enzyme Succinate Succinate-enzyme complex 


Fig: 3.10: Effect of malonate as competitive inhibitors 


The importance of competitive inhibitors is: (a) It supports lock and key hypothesis. 
(b) It shows that substances which are similar to substrate are not acted upon by 
Substrate enzymes. (c) Competitive inhibitors are 


» used as drugs in the control of bacterial 
E> pathogens. Antibiotics known as 
sulphonamides are used to combat 
inhibitor I bacterial infection. 
Enzyme IKN 


3.4.2 Non-Competitive Inhibitors 


Inhibitor binds to active site 
(a) 


Substrate In non-competitive inhibition the 


P 


inhibitor molecule binds to an enzyme 

other than active site. The other binding 

D site of enzyme is called allosteric site. 
Active site The non-competitive inhibitors inactivate 
the enzyme temporarily (reversible 
inhibition) or they denature the enzyme 
permanently (irreversible inhibition). 
Fig: 3.11: (a) Competitive inhibition (b) Non-competitive Reversible non-competitive enzyme 
inhibition inhibitors work not by preventing the 


Allosteric site 


(b) 


Substrates 
i 


Active site not suitable 
Enzyme for reception of substrates 
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formation of enzyme-substrate complexes, but by preventing the formation of enzyme- 
product complexes. So they prevent the substrate to be converted into product. Feedback 
inhibition is an example of reversible non-competitive enzyme inhibition 


On the other hand, an irreversible non-competitive enzyme inhibitor destroys 
enzyme by altering its shape so that the substrate cannot bind to the active site. The 
examples of irreversible non-competitive inhibitors include cyanides and salts of heavy 
metals. Cyanides are potent poisons of living organism because they can kill an organism 
by inhibiting cytochrome oxidase essential for cellular respiration. They block the action of 
these enzymes by combining with iron which may be present in the prosthetic group. lons 
of heavy metals such as mercury, silver and copper (Hg™, Ag’, and Cu’”) combine with 
thiol (-SH) groups in the enzyme breaking the disulphide bridges. These bridges are 
important in maintaining tertiary structure. When these bridges are broken, the enzyme 
becomes denatured and inactive. Critical Thinking 


3.4.3 Feedback Inhibition Suggest why substrate concentration has no effect on non- 
competitive inhibition? 


The activity of almost every 
enzyme in a cell can be ak. 
regulated by its product. When A Allosteric Feedback inhibition 
the activity of an enzyme is cive ste site 
inhibited by its own product, it is 
called feedback inhibition. This 
is a type of reversible non- 
competitive inhibition. This 
phenomenon is a part of normal 
regulatory mechanism and 
usually happens during the 
regulation of metabolic Aspartate Threonine 
pathways. For example, the 
amino acid aspartate becomes 
the amino acid threonine by a sequence of five enzymatic reactions. When threonine, the 
end product of this pathway, is present in excess, it binds to an allosteric site on enzyme 1 
on this pathway and then the active site is no longer able to bind aspartate. When all the 
threonine is consumed in cellular events, the threonine molecule which is attached to the 
allosteric site is also removed; the pathway resumes its activity once again. 


Fig: 3.12: Feedback inhibition 


Skills: Analyzing 
e Identify the competitive and non-competitive inhibitors from the given list of chemical 
(consult any book of Biochemistry or Enzymology). (Answer is given below) 
Competitive inhibitors: Antibodies, antimetabolites, penicillin, iodoacetate, melonate, CoA (high 


concentration). 
Non-competitive inhibitors: Acetaldehyde Di-lsopropyl fluorophosphate (DFP- nerve gas), mercury, 
silver, copper, cyanide. 


3.5 CLASSIFICATION OF ENZYMES 


Enzymes can be classified either on the basis of reaction types that they catalyze or 
on the basis of substrate which are acted upon by the enzyme. 


3.5.1 Classification based upon reaction type 


A systematic nomenclature and classification of enzymes based on reaction types 
and reaction mechanism was given by International Union of Biochemistry (in 1961). 


On that basis all the enzymes have been classified into six groups: 


1. Oxidoreductases 2. Transferases 3. Hydrolases 
4. Lyases 5. Isomerases 6. Ligases 
1- Oxidoreductases Pa 
Th tal ey 
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oxidation/reduction of their substrate and act by How ara mes named? 


removing or adding electron or H* ions from or to (a) Enzymes are named by adding “ase” to 
the substrate. For example cytochrome oxidase | thé name of substrate they act, e.g., 


oxidizes cytochrome. proteases, lipases etc. (b) Enzymes are 
named according to the types of reaction 
they catalyse, e.g., oxidases, reductases 


2- Transferases 


These enzymes catalyze the transfer of | etc. (c) Enzymes are named by taking into 
specific functional group other than hydrogen DNA rae ie Poe a 
i on an e e of reaction catalysea, 

from one substrate to another. The chemical | "P Je i , 
; ; p e.g., DNA- polymerase. (d) Some 
group transferred in the process is not in a free enzymes are named as per substance 
state, for example hexokinase transfers a | synthesized, e.g., rhodonase catalyses 


phosphate group from ATP to glucose. synthesis of rhodonate from hydrochloric 
3 Hydrolases acid and sodium thiosulphate. 


These enzymes bring about the breakdown of large complex organic molecules into 
smaller ones by adding water (hydrolysis) and breaking the specific covalent bonds. 
Examples are proteolytic enzymes which breakdown proteins into peptones and peptides 
such as pepsin, renin and trypsin. Other digestive enzymes that work in digestive tract 
are also the examples of hydrolases. 

4- Lyases 

These enzymes catalyze the breakdown of specific covalent bonds and removal of 
groups without hydrolysis. For example histidine decarboxylase breaks the covalent 
bonds between carbon atoms in histidine forming carbon dioxide and histamine. 


5- lsomerases 


These enzymes bring about intra-molecular rearrangement of atoms in the 
molecules and thus forming one isomer from another. For example phosphohexose 
isomerase changes glucose 6- phosphate to fructose 6- phosphate. 
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6- Ligases (Synthetases) 

These enzymes bring about joining together of two molecules. The energy is 
derived by hydrolysis of ATP. For example polymerases are responsible for linking 
monomers into a polymer such as DNA or RNA. 


Table 3.1:Classifiation of enzymes based upon reaction type 
1. Oxidoreductases Areg * Box Aox * Breg 
D Transferases A——B +t C —> A t C— B 
3. Hydrolases A——B + H,O —» A——H t B— OH 

— B ——=ATB 

4. Lyases AE amm (reverse reaction syntheses) 
5. Isomerases A——B——C A——C—ap 
6. Ligases (synthetases) A t B + ATP ——» A——B* ADP + Pi 


3.5.2 Classification based upon substrate 


Enzymes can be classified on the basis of substrates they use. Some of the 
examples are: proteases, lipases, carbohydrases and nucleases. 


1- Proteases 


These enzymes act upon proteins. Examples are: pepsin and trypsin (both digest 
large polypeptides into small polypeptides or peptones), aminopeptidases and 
carboxypeptidases (both digest peptones into dipeptides) and erypsin (digest dipeptides 
into amino acids) 

2- Lipases 

These enzymes hydrolyze lipids into fatty acids and glycerols. Examples are 
pancreatic lipases. 
3- Carbohydrases 

These enzymes cause breakdown of carbohydrates. Examples are: 

(a) amylase (digest starch or glycogen into maltose) 

(b) cellulase (digest cellulose into cellubiose, a disaccharide) 

(c) maltase (digest maltose into glucoses) 

(d) sucrase (digest sucrose into glucose and fructose) 

(e) lactase (digest lactose into galactose and glucose) 

4- Nucleases 


These are involved in the breakdown of DNA and RNA. Examples are: 
(a) RNAases (digest RNA into ribonucleotides) 

(b) DNAases (digest DNA into deoxyribo nucleotides). 

(c) ATPases (cause hydrolysis of ATP in muscles etc.) 
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Science, Technology and Society Connections 
e List the diagnostic uses of enzymes. 
(a) Aldolase: progressive muscular dystrophy, viral hepatitis and advanced cancer of the prostate 
(b) Creatine Phosphokinase: damage to muscle cells. 
(c) Gamma-glutamyl Transpeptidase: in assessing liver function. 
(d) Lactic Dehydrogenase: in differentiating heart attack, anemia, lung injury, or liver disease. 
(e) Lipase: Damage to the pancreas. 


Science, Technology and Society Connections 


e Venoms as enzyme inhibitors 
Snake venom is highly modified saliva that is produced by special glands of certain species of snakes. 
Snake venom is a combination of many toxins (proteins) and different enzymes, use for the purposes 
like increasing the prey’s uptake of toxins. Snake venom inhibits cholinesterase to make the prey lose 
control of its muscles. Venom is an inhibitor for an essential enzyme cytochrome oxidase in the cells. 
There are three distinct type of venom that act on the body differently. 
(1) Hemotoxic venoms act on the heart and cardiovascular system. 
(2) Neurotoxic venom acts on the nervous system and brain. 
(3) Cytotoxic venom has a localized action at the site of the bite. Venom occupies the active site of the 
enzyme or combining with the iron which may present in the prosthetic group or which may be required 
as an enzyme activator. 


Performing of chemical test to demonstrate that enzymes are proteins 


Performing amylase test on starch with boiled amylase and un-boiled amylase in separate test 
tubes and confirmation through iodine test 


Ba Exercise 
Som 


Select the correct answer 


(i) | The catalytic activity of an enzyme is restricted to its small portion called 
(A) active site (B) passive site 
(C) regulation site (D) allosteric site 
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(ii) Which of the following has a coenzyme activity? 


(A) NAD* (B) Ca™* 

(C) both “a” and “b” (D) none of them 
(iii) Non-competitive inhibitors react with enzymes at: 

(A) active site (B) allosteric site 

(C) both “a” and “b” (D) none of them 


(iv) Which graph shows the expected relationship between enzyme activity and 
substrate concentration? 


(A) (B) (C) (D) 
= = [=< T 
© a] .2 © 
5 5 5 3 
3 3 5 3 
2 ja; 2 a 
(a 
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Ss ot is) aS 
om fad o as 

substrate substrate substrate substrate 

concentration concentration concentration concentration 


(v) The graph shows the effect of an enzyme on a reaction. 


transition 
state 


energy 
of 
system 


substrate j 


time 
Which combination identifies X, Y and Z? 


X Y Z 
catalyzed reaction uncatalyzed reaction 
| B | catalyzed reaction uncatalyzed reaction | energy lost during reaction 


C | uncatalyzed reaction | catalyzed reaction energy gained by product 
| D | uncatalyzed reaction | catalyzed reaction | overall energy change 


(vi) Combination of apoenzyme and coenzyme produces 


(A) prosthetic group (B) holoenzyme 
(C) enzyme (D) isoenzyme 
(vii) The specificity of enzyme is due to their 
(A) surface configuration (B) pH 
(C) hydrogen bonding (D) high molecular weight 
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(vili) An essential feature of a competitive inhibitor is its ability to 
(A) activate an operator gene (B) combine with prosthetic group 
(C) modify a substrate (D) occupy an active site 


(ix) The reaction rate of salivary amylase with starch decreases as the 
concentration of chloride ions is reduced. Which of the following describe the 
role of the chloride ions? 


(A) allosteric inhibitors (B) cofactors 
(C) coenzyme (D) competitive inhibitor 

(x) How does an enzyme increase the rate of a reaction? 
(A) by bringing the reacting molecules into precise orientation 
(B) by increasing the rate of random collisions of molecules 
(C) by shifting the point of equilibrium of the reaction 
(D) by supplying the energy required to start the reaction 

(xi) Many enzymes are secreted in inactive form to protect 


(A) cell proteins (B) mitochondria 

(C) cell membrane (D) cell DNA 
(xii) Erypsin is an example of? 

(A) carbohydrases (B) proteases 

(C) lipases (D) nucleases 


(xiii) Ribozymes consist of: 
(A) only protein (B) protein + none protein part 
(C) only RNA (D) none of them 


What are ribozymes? 

What is the structure of enzyme? 

Explain the enzyme pepsin which does not require cofactor. 

What is prosthetic group? Give an example. 

What is the mechanism of enzyme action? 

What is the role of free energy of activation in a chemical reaction? 

List the external conditions which affect rate of enzyme reaction. 

Compare the optimum temperatures of enzymes of human and thermophilic bacteria. 
0. Describe the range of pH at which human enzymes function. 
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11. What are enzyme inhibitors? Name the molecules which act as enzyme inhibitors. 
12. What is the importance of competitive enzyme inhibitors? 
13. Describe cyanides as irreversible non-competitive inhibitor. 
14. Describe ions of heavy metals as irreversible non-competitive inhibitor. 
15. Write the difference between: 
a) binding site and catalytic site of an enzyme 
b) apoenzyme and holoenzyme 
c) prosthetic group and coenzyme 


e) lock and key model and Induced fit model of enzyme action 


f) competitive and noncompetitive enzyme inhibitors 


( 
( 
( 
(d) inorganic cofactor and organic cofactor 
( 
) competivie 


g) reversible non-competitive enzyme inhibitors and irreversible non- 
enzyme inhibitors 


F<] Extensive Questions 


16. Write the properties of enzymes. 


17. | Explain the role and component parts of the active site of an enzyme. 

18. What are cofactors? Describe the two types of cofactors by giving examples. 
19. | Explain the mechanism of enzyme action through induced fit model. 

20. Explain the mechanism of enzyme action through lock and key model. 

21. Explain how an enzyme catalyzes specific reactions. 


22. Explain through graph how an enzyme speeds up reaction by lowering the energy of 
activation. 


23. Describe the effect of temperature on the rate of enzyme action. 

24. Describe how the concentration of enzyme affects the rate of enzyme action. 
25. Explain the effect of substrate concentration on the rate of enzyme action. 
26. Describe enzymatic inhibition, its types and its significance. 

27. Explain feedback mechanism with reference to enzymes. 

28. Classify enzymes on the basis of reactions catalyzed. 

29. Classify enzymes on the basis of the substrate they use. 
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a/ After completing this lesson, 


you will be able to 


Explain the role of light in photosynthesis. 

Identify the two general kinds of photosynthetic pigments (carotenoids and chlorophylls). 

Describe the roles of photosynthetic pigments in the absorption and conversion of light energy. 
Differentiate between the absorption spectra of chlorophyll 'a' and 'b'. 

Describe the arrangement of photosynthetic pigments in the form of photosystem-l! and II. 

State the role of CO; as one of the raw materials of photosynthesis. 

Explain, narrating the experimental work done, the role of water in photosynthesis. 

Describe the events of non-cyclic photophosphorylation and outline the cyclic photophosphorylation. 
Explain the Calvin cycle (the regeneration of RuBP should be understood in outline only). 

Draw the molecular structure of chlorophyll, showing the porphyrin head and the phytol tail. 

Draw the Z-scheme for explaining the events of the light-dependent reactions. 

Extract the leaf pigments and separate them by paper chromatography. 

Explain the process of anaerobic respiration in terms of glycolysis and conversion of pyruvate into 
lactic acid or ethanol. 

Outline (naming the reactants and products of each step of) the events of glycolysis. 

Illustrate the conversion of pyruvate to acetyl-CoA. 

Outline (naming the reactants and products of each step of) the steps of Krebs cycle. 

Explain the passage of electron through electron transport chain. 

Describe chemiosmosis and relate it with electron transport chain. 

Explain the substrate-level phosphorylation during which exergonic reactions are coupled with the 
synthesis of ATP. 

Justify the importance of G3P in photosynthesis and respiration. 

Outline the cellular respiration of proteins and fats and correlate these with that of glucose. 

Draw the flow charts showing the events of glycolysis and Krebs cycle. 

Illustrate the net energy output during glycolysis, oxidation of pyruvate and Krebs cycle. 

Define photorespiration and outline the events occurring through it. 

Rationalize how the disadvantageous process of photorespiration evolved. 

Explain the effect of temperature on the oxidative activity of RUBP carboxylase. 

Outline the process of C, photosynthesis as an adaptation evolved in some plants to deal with the 
problem of photorespiration. 


Living things cannot grow, reproduce, or exhibit any of the characteristics of life without 


a ready supply of energy. All metabolic reactions involve energy transformations. So the 


quantitative study of energy relationships in biological system is called bioenergetics. 
Biological energy transformations obey the laws of thermodynamics. You have got an 


introduction about bioenergetics in IX-X biology course. 


ga 4 Bioenergetics 


This chapter deals with the most fundamental bioenergetics processes i.e., 
photosynthesis and respiration. You already have the general concept of these processes. 
The detailed learning would foster the skills of analysis and evaluation. This chapter also 
develops the basic concepts of photorespiration, the process that reduces plants 


productivity. 
4.1 PHOTOSYNTHESIS 


Chemically photosynthesis is a “redox” process in which CQz (an oxidized form of 
carbon) is reduced into glucose (a reduced form of carbon). Water acts as reducing agent 
which is oxidized into oxygen during this process. Bio-energetically photosynthesis can be 
defined as an energy conversion process in which energy poor molecules i.e., CO2 and 
H20 are transformed into energy rich molecule such as glucose. The extra energy is 
absorbed in the form of sunlight by the photosynthetic pigments. 


The overall reaction of photosynthesis can be summarized as follows: 


Reduction 
ak, s ] 
Light 


H ADH Meet ater ie - H $ + 
6CO, 12H,O Chisrochyi C,H,,0, + 60, + 6H,O 
Carbon dioxide Water Glucose Oxygen Water 
Loida =a 

This process involves the interaction of sunlight, pigments, water and carbon dioxide. 
4.1 1 R ol e of Light HE X-rays i | seg radar FMI TV |shortwavel AM 

Sunlight is an electromagnetic — jgx 49» erie? ws T 1 1 10! 
form of energy. The full range _ of see Z S ~*~. Wavelength (meters) 
electromagnetic radiation in the universe _.-°"" visibieugnt: TF 
is called electromagnetic spectrum. 
Visible light is only a small part of the 
spectrum between 380nm to 750nm 

400 500 600 700 


which is not only seen by naked eye but Wavelength (nanometers) 
is also effective for the process of 
photosynthesis. 

The effectiveness of a particular 
wavelength of light for the process of 
photosynthesis primarily depends upon 
its absorption in plant body. As different 
wavelengths (colours) of visible light are 
differently | absorbed by various 
photosynthetic pigments, therefore, each 
wavelength has its own effectiveness for 
the process of photosynthesis. If a plant E 
is illuminated in different colours of light 400 450 500 550 600 650 700 
one by one, the rate of photosynthesis is eee 
measured and the data obtained in this Fig. 4.2 Action spectrum of photosynthesis 


Fig. 4.1 Electromagnetic spectrum 


Relative photosynthetic rate 
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way is plotted in a graph, you will see that the rate of photosynthesis will be variable in different 
colours of light. Such a graph which shows the effectiveness of different wavelength of light for the 
process of photosynthesis is called action spectrum. Analysis of action spectrum indicates that 
blue (430nm) and red (670nm) wavelengths of light are the most effective for the process of 
photosynthesis. 


4.1.2 Role of Photosynthetic Pigments 


Pigment is any substance that absorbs 
light energy. All the wavelengths which are 
absorbed by a pigment are disappeared. A 
particular pigment shows only those |be measured by measuring the amount of CO, 
wavelengths which are reflected back. All the |consumed or by measuring the amount of O, 

. : . released during the process in a specific time. 
pigments that take part in photosynthesis are 
embedded in thylakoid membranes (grana lamellae) within chloroplasts. Higher plants have two 
major group of pigments i.e., chlorophyll and carotenoids. 


Chlorophyll aand b co in chierophytb Chlorophyll 

CH, in chlorophyll a Chlorophylls absorb mainly violet, blue, orange 
and red wavelengths. Green and yellow are least 
absorbed and reflected. Two major types of 
chlorophyll are Chlorophyll-a and Chlorophyll-b. 
Chlorophyll-a is a bluish green pigment which is 
found in all photosynthetic organisms except 
photosynthetic bacteria. Chlorophyll-b is yellowish 


T Science Titbits 


The rate of photosynthesis is directly proportional to 
the CO, consumed or O; released therefore; it can 


H,C=CH 


cu, com, ° green pigment which is also found in all 
| _ „ L Tall (Methyl ester photosynthetic organisms except brown, red algae 
| and photosynthetic bacteria. Algae also have some 


other form of chlorophylls i.e., Chl-c, Chl-d and Chl-e 
while photosynthetic bacteria have yet another type 
of chlorophyll i.e., bacteriochlorophyll. 


CH, 


Molecular formula of chlorophyll a and b: 


Tail (Phytol Chain) Chlorophyll a = Css H72 Os N4 Mg 
Chlorophyll b = Css H7o Og N4 Mg 


A molecule of chlorophyll consists of a head 

and two tails. The head is composed of a 

Fig 4.3: Structure of chlorophyll porphyrin ring with Mg in the centre. The 
porphyrin ring further consists of four pyrrole rings 

(each pyrrole ring contains four carbons and one nitrogen atom). The nitrogen atoms of 
pyrrole rings interact with central Mg atom. The pyrrole rings also contain different groups 
around them. The only difference between chlorophyll-a and chlorophyll-b is that 
chlorophyll-a has methyl group (-CH3) on 2™ pyrrole ring whereas, chlorophyll-b has 
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aldehyde group (-CHO) at this point. The head of chlorophyll is hydrophilic in nature. It is 
exposed on the surface of thylakoid membrane. It is light absorbing part of chlorophyll. 


The two side chains in the chlorophyll molecule are called tails. Side chains are 
phytol and methyl ester The chlorophyll tails are hydrophobic in nature. They are 
embedded into the thylakoid membranes and serve to anchor the chlorophyll molecule in 
the membrane. 


Carotenoids 


Carotenoids are terpenoid lipids, which are yellow, orange, red or brown pigments. 
They absorb light strongly in the blue-violet range. They are seen in leaves before leaf fall, 
present in some flowers and fruits. The carotenoids act as accessory pigment along with 
chlorophyll-b as they absorb light energy and then transfer it to the chlorophyll-a. 
Therefore, they protect the chlorophyll-‘a’ from excess of light. They also attract insects, 
birds and other animals for pollination and dispersal. 

There are two types of carotenoids: carotenes and xanthophylls. The carotenes are 
orange red pigments, composed of isoprenoid units and are found in all photosynthetic 
eukaryotes. The most widespread and important carotene is B (beta) carotene. 
Xanthophylls are yellow in colour and are also composed of isoprenoid units. Lutein is 
widely distributed xanthophylls which is responsible for yellow colour of foliage in autumn. 


4.1.3 Absorption Spectrum 


906 

The absorption of different 80 
colours of light by a particular h Carotenoids 
pigment can be determined by the 50 Chlorophyll a 


help of spectrophotometer. The data 
of spectrophotometer is represented 
by a graph. Such a graph which 
shows the absorption of different 


Chlorophyll b 


Percent absorbed 
Ww 
© 
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colours of light by a particular COC Fe EESO OA = Boo E N 


Wavelength (nanometers) 


pigment is caled absorption 
spectrum of the pigment. 


The absorption spectra of 
different pigments indicate that they 
absorb different wavelengths of visible light and these wavelengths are not absorbed at the same 
rate. The main photoreceptors are chlorophyll a and b and both show more absorption in violet 
blue (400nm to 470nm) and orange-red (630m to 660m) regions of the visible spectrum. On 
the other hand carotenoids show more absorption at 430nm to 500nm. 


Fig: 4.4: Absorption spectra of different pigments 


4.1.4 Arrangements of Pigments (Photosystems) 


For efficient absorption and utilization of light energy, the photosynthetic pigments 
are arranged in the form of clusters in thylakoid membranes. These clusters are called 
photosystems. The perioheral part of photosystem is called antenna complex which 
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consists of accessary pigments such as chlorophyll-b and carotenoids. The central part of 
photosystem is called reaction centre which contains only chlorophyll-a and associated 
proteins. Since chlorophyll-a generally has an optimal absorption wavelength of 660nm, it 
associates with different proteins in each type of photosystem to slightly shift its optimal 
Electron transfer wavelength, producing two distinct 

, photosystem types i.e., photosystem-I (PS- 

A wpe I) and photosystem-Il (PS-II). The 
P Reaction Chlorophyll-a in the reaction centre of PS-I 


centre 


Centre 


Photon chlorophyll 


can absorb maximum 700nm wavelength of 
light, hence called P700. Similarly, the 
chlorophyll-a in the reaction centre of PS-II 
can absorb maximum 680m wavelength of 
Antenna light, hence called P680. The photosystems 
pigment are named for the order in which they were 


discovered and not for the order in which 
they occur in the thylakoid membrane. 


Transfer 
f energ 
i Photosystem 


Fig: 4.5: Structure of photosystem : 
i n n As chlorophyll-a can only absorb light 


of a narrow wavelength, it works with the pigments of antenna complex to gain energy from a 
larger part of the spectrum. The pigments absorb light of various wavelengths and pass along 
their gained energy to chlorophyll-a of the reaction centre. When the energy reaches the 
chlorophyll-a its electrons become so excited. that they escape and move to a nearby electron 
transport chain. In this way chlorophyll molecule becomes oxidized. 


light energy 
— oo 


chlorophyll chlorophyll + çë @ 


(reduced form) (oxidized form) electron 


The electron transport system plays an important role in generation of ATP by the 
conversion of light energy into chemical energy. 


4.1.5 Role of Carbon Dioxide in Photosynthesis 


Carbon dioxide acts as carbon source for the synthesis of organic compounds in 
photosynthesis. Plants are therefore known as autotrophs because they use inorganic 
compounds for the synthesis of their organic compounds. Carbon dioxide is utilized in the 
dark or light independent reaction (Calvin cycle) of photosynthesis. Air contains about 
0.03 to 0.04 percent of carbon dioxide. Land plants use this atmospheric carbon dioxide 
for photosynthesis. Dissolved carbon dioxide, bicarbonates and carbonates are present in 
water, which are used by aquatic photosynthetic organisms as carbon source. 


4.1.6 Role of Water in Photosynthesis 


Water is one of the raw materials for photosynthesis. Water acts as hydrogen and 
electron donor in photosynthesis. It replaces the electron lost by the P680 during 
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photosynthesis. 2H* ions are taken up the NADP* to form NADPH. The oxygen which is 
produced is released in atmosphere. 


This role of water in photosynthesis was first reported by Van Niel in 1930. He 
hypothesized that plants split water as a source of hydrogen, releasing oxygen as a 
byproduct. This observation was based on investigations of photosynthesis in bacteria that 
make carbohydrates from carbon dioxide, but do not release oxygen. 


Neil's hypothesis was confirmed in 1940, when for the first time 180 in biological 
research was used. In first experiment water was made of 180. The water tagged 180 was 
added to an alga suspension. The oxygen, evolved during photosynthesis, was found to 
be radioactive. It was separated and identified. In another experiment carbon dioxide with 
tagged 1O was added. The oxygen evolved contained none of the isotopes. Thus the 
source of evolved oxygen was proved to be water. In the following summary, red denotes 
labelled atoms of Oxygen '°O. 


Light € 
6CO, + 12H,0 enone CHO, + 6HO + 60, 
Carbon dioxide Water Glucose à Water Oxygen 
Light : 
6CO, + 12H,O Chlorophyll Colt2Qs j+ 6HO + 60, 
Carbon dioxide Water ‘Glucose Water Oxygen 


4.1.7 Mechanism of photosynthesis 


The process of A 
photosynthesis has been divided (mou (0) a O 
into two phases. The first phase n , 
is called light dependent phase NADP n 
(light reaction) because it can 7 ADP ok 
take place only in the presence of aN 

RuBP CALVIN 


light. The light-dependent phase 
occurs in the thylakoid 
membranes. In this phase light  Thylakoid 
energy is used to make ATP ‘leapt 
(assimilating power) and NADPH 
(reducing power); whereas, water 


CYCLE 
(in stroma) 3.PGA 


ae J Stroma 
As NG 2-9. vs F. 
Sac NADPH — G3P (Output) Cellular 


respiration 


Cellulose 
and oxygen are supposed to be ease 
Output ars 
input and output respectively. The (Output) @ e Other organic 

LIGHT REACTIONS CALVIN CYCLE compounds 


second phase of photosynthesis 
is called the light independent Fig: 4.6: An overview of photosynthesis 

phase (dark reaction) because it 

can take place whether light is present or not. This phase actually requires the products of 
light reaction i.e., ATP and NADPH. Since these products are available in day therefore, 
dark reaction also occurs in day time. In this phase COz acts as input which is converted 
into glyceraldehyde-3-phosphate (G3P), the output of this phase. The ATP is hydrolyzed to 
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ADP and Pi (H¿PO,⁄) and its energy is incorporated in this phase; whereas, NADPH 
provides energized electron and hydrogen for the formation of G3P, which is an energy 
rich molecule. 


4.1.8 Light Dependent Phase (Light Reaction) 


Light dependent phase of photosynthesis involves the absorption of light by the 
photosystems, excitation and flow of electrons through an electron transport chain, 
chemiosmotic synthesis of ATP, and reduction of NADP* to NADPH. The flow of excited 
electrons through an electron transport chain during light reaction is of two different types 
i.e., non-cyclic and cyclic. In non-cyclic electron flow, the excited electrons after leaving a 


ADP + Pi ——————> ATP 


particular photosystem do not comeback; these electrons after losing their energy are 
incorporated into another molecule. On the other hand, in cyclic electron flow, the excited 
electrons after leaving a particular photosystem finally comeback to their photosystem 
again. The most important event in light reaction is the production of ATP. 


This production of ATP during light reaction is called photophosphorylation and 
the mechanism is called chemiosmosis. There are two types of photophosphorylation. 
(a) Non-cyclic photophosphorylation 

It is predominant pathway of light reaction in higher plants that occurs in routine. In 
this process both photosystems i.e., PS-I and PS-II are utilized and two electron transport 
chains are involved. When PS-Il absorbs light, its excited electrons after flowing through 
an electron transport chain are transferred to PS-I. Similarly, the excited electrons which 
are liberated from PS-I are finally accepted by NADP”. Therefore it is called non-cyclic 
electron flow. The events of non-cyclic photophosphorylation are continuous but here they 
are discussed in steps for convenience. 


Absorption of light by PS-II and excitation of its electrons 


When just two photons strike the antenna complex of PS-II, the two electrons 
become excited and begin to move along the atoms of different pigments within 
photosystem. Ultimately, the absorbed energy reaches the reaction centre of PS-II (P680) 
and causes its two electrons to be excited. These excited electrons are captured by the 
primary electron acceptor of PS-II and leave two “electron holes” in the photosystem 
behind making chlorophyll a strong oxidizing agent. 


Photolysis of water 

The electron holes of photosystem must be filled so that in the presence of water 
splitting enzyme reactions can proceed. When water reacts with oxidized state of 
chlorophyll in photosystem, it breaks up into 2H” ions, 2e° and %O2. Since this breakdown 
occurs in the presence of sunlight therefore, it is termed as photolysis of water. The 
electrons released from water are used to fill the “electron holes” of PS-II. 


H,O Photolysis of water 2H* + 2e +% O, 
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Electron flow from PS-II to PS-I 

The excited/energized electrons which have been released from PS-II and captured by 
primary electron acceptor now begin to flow to PS-I through an electron transport chain. The 
electrons move from primary electron acceptor to the plastoquinone (PQ). From PQ the 
electrons flow through a complex of the cytochromes (Cyt) which consist of Cyt-bg and Cyt-f. 


Chloroplast stroma 


Ferredoxin-NADP reductase 


Light 


) Light 
Cytochrome z 


x, 
“(PC owen 
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® 0,) a) k EPs ih htt tLe Tet mane a 


Oxygen-evolving complex 


Thylakoid lumen 
Fig: 4.7: Chemiosmotic synthesis of ATP during light reaction 


The cytochrome complex is not only an electron carrier but it also works as proton pump. The 
electron flow through the cytochrome complex stimulates it to pump the protons from stroma to 
the thylakoid inner space. In this way the energy of flowing electrons is transformed into a 
gradient of protons (H’) in the thylakoid inner space. The proton gradient activates an enzyme 
in thylakoid membrane called ATP synthase which not only moves the protons back into the 
stroma but also catalyzes a reaction in which ADP and Pi are combined to form ATP 
(photophosphorylation). This whole mechanism which involves flow of electron, pumping of 
protons and generation of ATP by thylakoid membranes is called chemiosmosis. This ATP, 
generated by light reactions will provide chemical energy for the synthesis of sugar during 
Calvin cycle. The energized electrons after losing their energy, move from cytochrome 
complex to the plastocyanin (PC) and finally incorporated into the PS-| 


Absorption of light by PS-I and excitation of its electrons 


On the other hand, when P700 in the reaction centre of PS-I molecule absorbs two 
photon of light, electrons are boosted to a higher energy level. P700 molecule passes 
these excited electrons to a primary electron acceptor of PS-l, creating “electron holes’. 
The electron holes of P700 are filled by the pair of electrons received from the P680 
(photosystem Il) via electron transport chain. 
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Fig: 4.8: Non-cyclic photophosphorylation (Z Scheme) 


Electron flow from PS-I to NADP* 


The primary electron acceptor of photosystem | passes the photoexcited electrons 
to a second electron transport chain. The electrons are accepted by ferredoxin (Fd). It is 
an iron containing protein. An enzyme called NADP reductase (flavoprotein enzyme) 
transfers the electrons from Fd to NADP*. NADP* combines with electrons and hydrogen 
ions to form NADPH (reduced). The NADPH will provide reducing power for the synthesis 
of sugar in the Calvin cycle. 


NADP” + 2e- + 2H’ —» NADPH +H 


The path of electron transport through the two photosystems during non-cyclic 
photophosphorylation is known as Z-Scheme due to its conceptual zigzag shape. 
(b) Cyclic photophosphorylation 

The rise in NADPH and deficit of ATP may stimulate a temporary shift from a non-cyclic 
to cyclic electron flow until ATP supply catches up the demand. In this mechanism only PS-I is 
utilized. It absorbs energy in the form of photons. When energy reaches the reaction centre of 
PS-I the electrons are boosted up to higher energy level. Such excited electrons are first 
captured by primary electron acceptor of PS-I, then they move through an electron transport 
chain containing ferridoxin, cytochrome bg-f complex and plastocyanin. When electrons are 
passed from cytochrome be-f complex an ATP is generated by chemiosmosis. Finally, the 
electrons after losing the energy return back to P700 chlorophyll in PS-I reaction centre. There 
is no production of NADPH, no occurrence of photolysis of water and therefore, no release of 
oxygen. 
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Fig: 4.9: Cyclic photophosphorylation 


4.1.9 Light Independent Phase (Dark Reaction) 


The light independent phase (dark reaction) takes its name from the fact that light is 
not directly required for these reactions to occur. This phase requires the availability of 
NADPH, ATP (the products of light reaction) and CO2. In this phase of photosynthesis, 
NADPH is used to reduce carbon dioxide while ATP is used to incorporate energy. Finally, 
CO2 is converted into a phosphorylated triose carbohydrate i.e., glyceraldehyde-3- 
phosphate (G3P) which are later on used to make glucose. Dark reaction generally 
involves a complicated metabolic pathway, the Calvin cycle or C3 pathway. However, in 
some plants, in addition to Calvin cycle another metabolic pathway is also involved, called 
C4 pathway. The plants in which only Calvin cycle occurs during dark reaction are called 
C3 plants. 


Calvin cycle 


Calvin cycle term is applied to the series of metabolic reactions in which CQz is 
reduced to produce G3P. (These reactions have been explored by Melvin Calvin and co- 
workers at the University of California. Melvin Calvin won the Nobel Prize in 1961 for this 
work). The Calvin cycle can be divided into three phases, carbon fixation, reduction and 
regeneration of carbon dioxide acceptor i.e., RUBP. 


Carbon fixation 


One of the key substance in this process is a five carbon phosphorylating sugar 
called ribulose bisphosphate (RuBP). It is generally referred as CO2 acceptor because 
it is capable of combining with carbon dioxide with the help of Ribulose bisphosphate 
(RuBP) carboxylase/oxygenase also known as RuBisCO. Three intermediate molecules of 
six carbons are formed during this reaction. These molecules are unstable and exist for 
such a short time that, they cannot be isolated. Each six carbon breaks down to form two 
molecules of 3-phosphoglycerate (3-PGA), a phosphorous containing compound with three 
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carbon atoms. Since, the carbon of inorganic compound (CO2) becomes the part of 
organic compound (RuBP) during this phase, hence, it is called carbon fixation. As the 
first stable compound in the Calvin cycle is a three carbon compound 
(3-PGA) that is why Calvin cycle is also known as C3 pathway. 
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Fig 4.10: Calvin cycle 


Reduction 


In this phase six molecules of 3- 
phosphoglycerate (3-PGA) react with six ATP 


Fate of the Atoms in Photosynthesis 


molecules, a phosphate from each ATP is Reactants: 6 CO, 12 HO 
transferred to each 3-PGA. In this way, 3-PGA 

molecules are changed into 1,3- 

Bisphosphoglycerate. These molecules are then Products: CHO, 


reduced by the hydrogen of NADPH and finally 
glyceraldehyde 3 phosphate (G3P) molecules are 
produced. During this reduction process a phosphate group from each 1,3- 
Bisphosphoglycerate molecule is also given off. There are total six molecules of G3P are 
produced in this phase but only one molecule is released from the cycle while rest of the 
five molecules are used to regenerate the CO» acceptor molecules in the next phase. 
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Regeneration of CO, acceptor 

Five molecules of G3P from the previous phase are used to regenerate the RuBP 
(CO2 acceptor) in this phase. These five molecules each containing three carbon atoms 
undergo a series of reactions in which three molecules of ribulose phosphate (RuP) each 
containing five carbon atoms are produced. When three molecules of RuP react with three 
molecules of ATP, a phosphate group from each ATP is transferred to each RuP. 
Ultimately RuP are converted into RUBP which again participate in the next cycle. 


The whole process of Calvin cycle indicates that there are three molecules of CO», 
six molecules of NADPH (reducing power) and nine molecules of ATP (assimilating power) 
are used to release just one molecule of G3P form the cycle. However, in order to produce 
a glucose molecule, two molecules of G3P are required. The overall process of Calvin 
cycle can be represented as: 


3CO, + GNADPH + 9ATP 


G3P + 3H,0 + 9Pi + 6 NADP* 


4.2 CELLULAR RESPIRATION 


In biological systems oxidation-reduction is a chemical reaction usually involves the 
removal of hydrogen atom from one molecule and the gain of hydrogen atom by another 
molecule. Cellular respiration is a series of complex oxidation-reduction reactions by which 
living cells obtain energy through the breakdown of organic matter. 


4.2.1 Kinds of Cellular Respiration 

There are two kinds of respirations: aerobic respiration and anaerobic respiration. Aerobic 
respiration takes place in the presence of abundant atmospheric oxygen, whereas, anaerobic 
respiration occurs in the absence of oxygen. The organic molecule that generally undergoes 
breakdown in cellular respiration in order to release energy is glucose, therefore, glucose is 
supposed to be respiratory fuel. The initial breakdown of glucose in both aerobic and anaerobic 
respirations is quite same, in which it is broken down into two molecules of pyruvates. This 
common step of aerobic and anaerobic respirations is called glycolysis. The pyruvates undergo 
in different respiratory pathways depending upon the availability of oxygen and the kind of 
organism. If oxygen is available, the further breakdown of pyruvates takes place aerobically and 
the final products are carbon dioxide and water with the release of large amount of energy i.e., 36 
ATPs (in eukaryotes) or 38 ATPs (in prokaryotes). If oxygen is absent, then the pyruvates are 
broken down anaerobically and the final products are either lactic acid or ethanol and carbon 
dioxide with release of very small amount of energy i.e., just 2 ATPs. 


4.2.2 Mechanism of Anaerobic Respiration 


Anaerobic respiration takes place in many microorganisms (bacteria, yeast), muscle 
cells of vertebrates and in the cells of higher plants. Anaerobic respiration is incomplete 
breakdown of glucose in the absence of oxygen. It is also known as fermentation. There 
are two pathways of anaerobic respiration depending upon the nature of final products i.e., 
lactic acid fermentation and alcoholic fermentation. 
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Lactic acid fermentation 


It consists of glycolysis followed by the reduction of pyruvate by NADH to lactic 
acid. The pathway operates anaerobically because after NADH transfers its electron to the 
pyruvate, it is “free” to return and pick up more electrons during the earlier reaction of 
glycolysis. The overall equation can be represented as: 


Lactic acid fermentation occurs in anaerobic bacteria and in the muscles of 
mammals as well as human during strenuous exercise when oxygen supply is exhausted. 
The accumulation of lactic acid causes muscles fatigue i.e., muscles become unable to 
contract and begin to ache. 
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Fig: 4.11 Anaerobic respiration 


Alcoholic fermentation 


Alcoholic fermentation is found in yeast. It consists of glycolysis followed by the 
decarboxylation of pyruvate to acetaldehyde then reduction of acetaldehyde by NADH to 
ethyl alcohol or ethanol. This pathway also operates anaerobically because after NADH 
transfers its electron to the acetaldehyde, it is “free” to return and pick up more electrons 
during the earlier reaction of glycolysis. The overall equation can be represented as: 


4.2.3 Mechanism of Aerobic Respiration 


Aerobic respiration is a catabolic process which involves complete oxidative 
breakdown of organic food (especially glucose) into carbon dioxide and water with release 
of great deal of energy in the form of ATPs. It is predominant respiratory pathway in most 
of the organisms. Aerobic respiration is completed in four phases: glycolysis, oxidation of 
pyruvates, Krebs cycle and respiratory electron transport chain. 
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Fig: 4.13: Glycolysis 


Preparatory Phase 


Payof Phase 


Glycolysis 

Glycolysis is the process of breakdown of 
glucose or similar hexose sugar into two 
molecules of pyruvates through a series of 
enzymatic reactions releasing some energy (as 
ATP) and reduced coenzymes (as NADH). It 
occurs in the cytoplasm. It is completed in two 
phases i.e., preparatory phase and oxidative 
phase. Preparatory phase is an investment 
phase in which two ATPs are consumed. Its end 
products are two molecules of G3P. On the other 
hand oxidative phase is pay off phase in which 
not only ATPs are produced through substrate 
level phosphorylation but it also produces NADH 
which upon further oxidation in respiratory 
electron transport chain yields more ATPs. The 
whole glycolysis pathway takes place in the 
following sub steps. 


1. Phosphorylation: When glucose reacts with 
ATP,-a phosphate group from ATP is transferred 
to glucose. In this way glucose is phosphorylated 
to glucose-6-phosphate. 


2. Isomerization: Glucose-6-phosphate is 
changed to its isomer fructose-6-phosphate. 


3. Phosphorylation: When fructose-6- 
phosphate reacts with another ATP, it is 
phosphorylated to Fructose-1, 6-bisphosphate. 
4. Splitting: Now fructose-1, 6-bisphosphate 
splits up to form one molecule each of 3- 
carbon compounds, glyceraldehyde 3- 
phosphate (G3P) and dihydroxyacetone 3- 
phosphate. 


5. Isomerization: The dihydroxyacetone 3- 
phosphate is ultimately changed into its isomer, 
the glyceraldehyde 3-phosphate (G3P). In this 
way preparatory phase is completed. Next phase 
of glycolysis is proceeded by two molecules of 
G3P, therefore, the remaining reactions occur 
twice. 


6. Dehydrogenation and Phosphorylation: 
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NADH and accepts inorganic phosphate (Pi) to form 1, 3-bisphosphoglycerate. 


7. Formation of ATP: The direct synthesis of ATP from organic phosphorylated substrate is 
called substrate level phosphorylation. In this step a molecule of ATP is formed from 1, 3- 
bisphosphoglycerate which is changed into 3-phosphoglycerate. 


8. Isomerization: In this step position of phosphate group is changed from C3 to C2 of 


phosphoglycerate to form 2-phosphoglycerate. Se tp eo eae 


9. Dehydration: In this step, 2-phosphoglycerate | because it was discovered by three 
undergoes dehydration and is converted into | German scientists Embden, Meyerhof 
phosphoenol pyruvate (PEP). and Parnas. 


10. Formation of ATP: Again a molecule of ATP is produced by “substrate level 
phosphorylation when phosphoenol pyruvate loses phosphate group which is taken up 
by the ADP to form ATP in the presence of an enzyme (pyruvate kinase). The 
phosphoenol pyruvate is finally converted into pyruvate. 


4.2.4 Oxidation of Pyruvate 


Pyruvates are produced in cytosol. Because pyruvate is a charged molecule, it must 
enter the mitochondrion via active transport with the help of the transport protein. On 
entering the mitochondria, pyruvates do not directly participate in Krebs cycle but they 
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Fig: 4.14 Pathway of oxidation of pyruvate 


undergo an intermediate phase, called CYTOSOL 
oxidation of pyruvate or link reaction as 
it links the pathway of aerobic respiration 
that occurs outside the mitochondria with 
that occurs inside the mitochondria. 


The oxidation of pyruvate takes place 
in three steps. First, it undergoes 
decarboxylation in which a molecule of CO2 
is removed from pyruvate to form 
acetaldehyde. Then NAD* removes 
hydrogen from acetaldehyde. As a result of 
this oxidation/ dehydrogenation a 2C 
fragment acetyl and NADH are produced. Fig: 4.15 Site of oxidation of pyruvate: Conversion of 
Finally, acetyl group is combined with Pyruvate to acetyl CoA, the junction between glycolysis 
coenzyme-A to form acetyl CoA. and the citric acid cycle. 


Transport protein 
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A Science Titbits 


A complex oxidation-reduction involves NAD or NADP. NAD and NADP act as intermediate in 
cellular reactions involving electron transfer. Many of the electrons removed from reduced carbon 
compounds in various enzyme-catalyzed reactions are transferred to NAD to produce NADH. When a 


molecule of NAD or NADP gains electrons and becomes reduced, a hydrogen ion combines with it as well. 
Thus the reduced form is symbolized as NADH or NADPH. In fact, another hydrogen ion becomes closely 
associated with each reduced molecule. Technically it is more accurate to represent the reduced form as 
NADH + H* or NADPH + H*. For convenience, these reduced forms i.e., NADH + H* and NADPH + H* can be 
represented as NADH2 and NADPH? respectively. 


4.2.5 Krebs Cycle 


This cycle was discovered by British scientist Sir Hans Krebs, therefore, called 
Krebs cycle. It is also called Citric acid cycle or Tri carboxylic acid (TCA) cycle 
because the first compound which is formed in the cycle is citrate (citric acid) that 
contains three carboxylic acid groups. 

The Krebs cycle comprises following nine steps. 


1. Synthesis 

Acetyl CoA (2-carbon compound) and a water molecule combine with oxaloacetate 
(4-carbon compound) to form a 6-carbon compound called citrate (citric acid). It is the first 
product of Krebs cycle. CoA is liberated. 
2. Dehydration 

Citrate undergoes reorganization by the removal of a water molecule. The resulting 
compound is cis-aconitate. 
3. Hydration 

Cis-aconitate is converted into isocitrate with the addition of water. Actually, citrate 
and isocitrate are isomers of each other. 
4. Oxidative decarboxylation 

This is a two-step process, which involves oxidation/ dehydrogenation of isocitrate, 
followed by the decarboxylation to form alpha-ketoglutarate. The hydrogen and electrons 
which are released from isocitrate are taken up by NAD* to form NADH while the carboxyl 
group is released in the form of CO3. 
5. Oxidative decarboxylation and addition of CoA 

a-Ketoglutarate again undergoes oxidative decarboxylation. The hydrogen and 
electrons which are released from a-ketoglutarate are taken up by NAD” to form NADH 
while the carboxyl group is released in the form of CO2. Then, it combines with coenzyme 
A to form succinyl CoA. 
6. Formation of ATP 

Coenzyme A is removed from Succinyl CoA to form succinate. The reaction 
releases sufficient energy which is used to combine GDP and Pi forming GTP. GTP reacts 
with ADP to form ATP while GTP is again converted into GDP. In this way a molecule of 
ATP is generated in this reaction. 
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Fig: 4.16 Krebs cycle (Citric acid cycle or TCA cycle) 


7. Dehydrogenation/oxidation 
Succinate undergoes dehydrogenation/oxidation to form fumarate. The hydrogen 
and electrons which are released from succinate are taken up by FAD to form FADH2. 
8. Hydration 
A molecule of water gets added to fumarate to form malate. 
9. Dehydrogenation/oxidation 
Malate undergoes dehydrogenation/oxidation to produce oxaloacetate. The 


hydrogen and electrons which are released from malate are taken up by NAD” to form 
NADH. Oxaloacetate picks up another molecule of acetyl CoA to repeat the cycle. 


4.2.6 Electron Transport Chain (ETC) 


After Kreb’s cycle most of the energy of glucose is in the form of NADH and FADH,, 
These two molecules enter into the electron transport chain. In this chain, the reduced 
NADH and FADH; are oxidized and their electrons are passed along a series of oxidation 
reduction reaction to the final acceptor i.e., molecular oxygen. 
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Components of electron transport chain 


The components of electron transport chain include: (1) NADH- dehydrogenase 
complex (I), (2) FADH-dehydrogenase complex (Il) (3) coenzyme Q (4) Cytochrome 
reductase complex (Ill) (5) Cytochrome-c (6) Cytochrome oxidase complex (IV). 


Passage of electron flow 


NADH is oxidized when it reacts with NADH- dehydrogenase complex (l). 
Electrons now move to the co-enzyme Q. If FADH? is to be oxidized through ETC, it also 
hands over its electrons to coenzyme Q, via FADH dehydrogenase complex (Il). 
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Fig: 4.17 Sequence of electron carriers in respiratory ETC 


The flowing electrons from coenzyme Q are now transferred to cytochrome 
reductase complex (Ill) which hands over its electron to cytochrome c. Like co-enzyme 
Q, cytochrome c is also mobile carrier of electrons. Cytochrome c delivers the electrons to 
cytochrome oxidase complex (IV). 


Finally, the electrons are transferred to ri 
oxygen. The oxygen is the ultimate acceptor of Science Titbits 
electrons. It becomes reactive. Each oxygen | Ubiquinone is not a protein, but a small 
atom also picks up a pair of hydrogen ions molecule soluble in lipids and insoluble in 


: . water Cytochromes literally means “cell 
from the aqueous solution forming water. colour”. The reduced cytochromes are pink in 


Energy released during passage of | colour. They are protein plus pigment 
electrons from one carrier to the next is used | Molecules containing iron. They can gain or 
to pump protons (H*) from the mitochondrial eee cm 
matrix to the inter membrane space. There are three such sites, corresponding to three 
enzymes present in the electron transport chain i.e. NADH-dehydrogenase complex (l), 
cytochrome reductase complex (IIl) and cytochrome oxidase complex (IV). 
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The electron transport chain makes no ATP directly. Its function is to ease the fall of 
electrons from food to oxygen releasing energy in manageable amounts. How does the 
mitochondrion couple this electron transport chain and energy to ATP synthesis? The 
answer is a mechanism called chemiosmosis. 


4.2.7 Chemiosmosis and Oxidative Phosphorylation 


Oxidative phosphorylation is the synthesis of ATP molecules with the help of energy 
liberated during oxidation of reduced co-enzymes (NADH, FADHz2) produced in respiration. 
The enzyme required for this synthesis is called ATP synthetase. 


Oo Electron transport chain 
oO ATP synthetase 


intermembrane space 
He 


A i 
e FADH: FAD" + 
a 


WE 
Si A 6 =) ce 


Mitochondrial matrix 2 free 2 r S 1/2 of 
hydrogen exitingETC anO; 
ions molecule 


an 


Fig: 4.18: Mechanism of chemiosmosis in respiratory electron transport chain 


It is located in the inner mitochondrial membrane. It consists of two parts i.e., Fo and 
F,. Fo is embedded in the membrane and involves in the movement of protons from inter- 
membrane space to mitochondrial matrix. F4 or elementary particle is a head like part 
which is projected from the surface of membrane towards matrix. It catalyzes ATP 
synthesis by the combination of ADP and Pi. ATP-synthetase becomes active in ATP 
formation only when a proton gradient having higher concentration of H* or protons on the 
Fo side as compared to F4 side is established. The flow of protons through the Fo channel 
induces F4 particles to function as ATP-synthetase i.e., the energy of the proton gradient is 
used in attaching a phosphate to ADP by high energy bond. This produces ATP. Oxidation 
of one molecule of NADH2 produces 3 ATP molecules while a similar oxidation of 
FADH: forms 2 ATP molecules. The theory of ATP production by this mechanism is called 
chemiosmosis. 
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4.2.8 Substrate Level Phosphorylation 


The prime objective of cellular respiration is to generate ATPs. There are two ways 
to do this during aerobic respiration: chemiosmosis and substrate level phosphorylation, 
the former we have already discussed. 


As far as substrate level phosphorylation is concerned, you are already familiar that 
the addition of inorganic phosphate to any organic molecule is called phosphorylation 
but, when phosphate is enzymatically transferred from an organic substrates molecule it is 
called substrate level phosphorylation. However, it accounts for only a small percentage 


of the ATP that a cell generates. It occurs at three occasions during aerobic respiration. 
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Actually, the two 
molecule of the NADH 
of glycolysis are 
produced in 
cytoplasm. These 
cannot be taken up by 
mitochondria because 
the mitochondrial 
membrane is 
impermeable for 
NADH. Therefore, at 
the time of their uptake 
only the energized 
electrons of NADH are 
transferred inside the 
mitochondrion by a 
complex mechanism. 
These electrons are 
received by two 
molecules of FAD* in 
the mitochondrial 
matrix to produce two 
molecule of FADHb. 
Hence, four ATP 
molecules are 
produced instead of 
six. So, eukaryotes 
yield two less number 
of ATP than 
prokaryotes. 


Fig:4.19: (a)Substrate level phosphorylation. (b) Because ATP is responsible for coupling many endergonic 
and exergonic reactions it is an important link between anabolism and catabolism in living cells. (c) ATP 


Budget in aerobic respiration 
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In glycolysis, substrate level phosphorylation occurs, when 1,3-bisphosphoglycerate 
is converted into 3-phosphoglycerate (7*® reaction) and when phosphoenol pyruvate is 
converted into pyruvate (10" reaction). There are four ATPs produced by this mechanism 
during glycolysis but two of them are supposed to be consumed in preparatory phase so 
net product by substrate level phosphorylation is 2 ATP. 


In Krebs cycle, substrate level phosphorylation occurs when succinyl CoA is converted 
into succinate. There are two molecules of ATP produced at this occasion. Since, ATP can 
be synthesized directly from the organic substrates of exergonic reactions (energy 
releasing reactions e.g., cellular respiration), therefore, it is said that substrate level 
phosphorylation couples the exergonic reactions with the synthesis of ATP. These ATP 
are then used to drive endergonic reactions (energy storing reaction e.g., protein 
synthesis). In this way, out of total 36 ATP which are produced during aerobic respiration 
in most of human cells, 4 ATP are the result of substrate level phosphorylation and 
remaining 32 ATP are produced by chemiosmosis through electron transport chain. 


4.2.9 Importance of G3P 


Glyceraldehydes 3-phosphate (G3P) is an important intermediate of respiration and 
photosynthesis. In respiration, G3P appears during glycolysis pathway which leads to the 
formation of pyruvate. In the Calvin cycle of photosynthesis, G3P molecules are converted 
into glucose phosphate within the chloroplast. Glucose phosphate is then converted to 
glucose, fructose, sucrose and starch. 
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Fig: 4.20: The matabolic pool concept: When they are used as energy sources carbohydrates, fats 
and proteins enter degradative pathways at specific points. Degradation produces metabolites that 
can be used for synthesis of other compounds. 
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4.2.10 Cellular Respiration of Fats and Proteins 

When a fat is used as an energy source, it breaks down to glycerol and three fatty 
acids. As figure 4.20 indicates, glycerol is converted to G3P, a metabolite in glycolysis. 
The fatty acids are converted to acetyl-CoA, which enters the Krebs cycle. An 18-carbon 
fatty acid results in nine acetyl-CoA molecules. 

The hydrolysis of proteins results in amino acids whose R-group size determines 
whether the carbon chain is oxidized in glycolysis or the Krebs cycle. The carbon chain is 
produced in the liver when an amino acid undergoes deamination, i.e., the removal of the 
amino group. The amino group becomes ammonia (NH,), which enters the urea cycle and 
becomes part of urea. 


4.3 PHOTORESPIRATION 


The respiratory activity that occurs in green cells in the presence of light resulting in 
release of carbon dioxide is termed as photorespiration. It needs oxygen and produce 
CO2 and H20 like aerobic respiration. However ATP is not produced during photorespiration. 


4.3.1 Mechanism of Photorespiration 

When the CO; levels inside the leaf drop to around 50 ppm (part per million), ribulose 
bisphosphate carboxylase/oxygenase (RuBisCO) starts to combine O% with RuBP instead 
of CO2. The net result of this is that instead of producing two 3C molecules of 
phosphoglycerate (PGA), only one molecule of PGA and a toxic 2C molecule called 
phosphoglycolate are produced. The plant must get rid of the phosphoglycolate. First it 
immediately gets rid of the phosphate group, converting the molecule to glycolate. 


The glycolate is then transported to the peroxisome and 
there converted to glycine. The glycine is then transported 
into the mitochondria where it is converted into serine. The 


serine is then used to make other organic molecules. | 2Gycine — Serine + 60» | 


Effect of temperature on the activities of RuBisCO 

Photorespiration is related to the functioning of the enzyme ribulose bisphosphate 
(RuBP) carboxylase/oxygenase. It is often called RuBisCO because it can have an 
oxygenase activity in addition to carboxylase activity. Its activity depends upon the relative 
concentration of O2 and CO; in leaves. Photorespiration starts when the CQz levels inside 
a leaf become low. This happens on hot dry days when plant begins to secrete abscisic 
acid which causes closing of stomata to prevent excess water loss. If the plant continues 
CO; fixation in photosynthesis when its stomata are closed, the COz2 will be used up and 
the O2 released from photosynthesis will be prevented to release out of plant body. In this 
way, ratio of Oz in the leaf will increase relative to CO2 concentrations. 


Disadvantages and Evolution of Photorespiration 
Photorespiration costs the plant energy and results in the net loss of CO; fixation from 
the plant. Thus, it reduces the rate of photosynthetic process. In most plants, 
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photorespiration reduces the amount of carbon fixed into carbohydrate during 
photosynthesis by 25 percent. Photorespiration is not essential for plant. It is also 
observed that if photorespiration is inhibited chemically, the plant can, still grow. 
Furthermore, some plants are naturally resistant to photorespiration. Then why 
photorespiration exists? The common simple answer to this question is that the active site 
of RuBisCO is evolved to bind both carbon dioxide and oxygen. Originally it was not a 
problem as there was no oxygen in the atmosphere at the time of establishment of earth 
so the carbon dioxide binding activity was the only one used. The photorespiration started 
when the oxygen began to accumulate in the atmosphere. 
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Fig: 4.21: Schematic r representation of pathway involved in photorespiration in chloroplast, peroxisomes and mitochondria 


Science, Technology and Society Connections 


e Analyze the impact of photorespiration on the agriculture yield in the tropic climates. 
Photorespiration decreases net photosynthesis because a portion of CO; fixed in photosynthesis escapes 


from the leave after it is fixed. Under certain conditions, up to 5% of the photosynthetic potential is lost in 
photorespiratory metabolism. Thus photorespiration reduces dry matter production and agricultural yield in 
tropical climate. 


4.3.2 C, photosynthesis: An adaptation to the problem of photorespiration 


Some plants which grow in tropical climate have an adaptation to the problem of 
ohotorespiration. They have an additional metabolic pathway in light independent phase of 
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photosynthesis beside Calvin cycle. This metabolic pathway is called Hatch-Slack cycle of 
C4 pathway in which phosphoenol pyruvate (PEP) carboxylase is used instead of 
RuBisCO to fix CO2 to phosphoenol pyruvate (a C3 molecule), and the result is 
oxaloacetate, a C4 molecule. It takes place in cytoplasm of mesophyll cells. 


PEP + CO, —PEPcarboxylase_. Oxaloacetate 


As the first product of CO; fixation Air 
is a 4-carbon compound oxaloacetate, so 
the plants are called C, plants e.g., CO2 


maize, sugarcane, sorghum, etc. 


Oxaloacetate is then transported to the j PEP 
chloroplasts of mesophyll cells. It is then Carboxylase _/ 


converted to another 4-C compound, the oxatoacetate 
malate, with the help of NADH, produced Mesophyll 
in the photochemical phase. The malate malate Cel 


is then transported to the chloroplasts of 
bundle sheath cells. Here malate is 
converted to pyruvate (C3) with the 
release of CO2. Thus concentration of 
CQz increases in the bundle sheath cells. 
These cells contain enzymes of Calvin 
cycle. Because of high concentration of 
CO2, RubisCO participates in Calvin 
cycle and not in photorespiration. Sugar 
formed in Calvin cycle is transported into 
the phloem. Pyruvate generated in the 
bundle sheath cells re-enters mesophyll 
cells and regenerates phosphoenol 
pyruvate (PEP) by consuming one ATP. 


Ey | Exercise | vascular bundle 
Fig. 4.22: C, photosynthesis 
MCQs 


Select the correct answer 


Bundle- 
sheath Cell 


(i) Removal of the source of carbon dioxide from photosynthesizing chloroplasts 
results in rapid changes in the concentration of certain chemicals. Which one 
of the following represents the correct combination of concentration changes? 


| 
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ATP Ribulose bishposphate Phosphoglyceric acid (PGA) 
A | decreases decreases increases 
B | decreases increases no change 
C | increases increases decreases 
D | increases no change decreases 


(ii) 


(iii) 


(iv) 


(vi) 


(vii) 


(viii) 


(ix) 


What are the products of the light reactions in photosynthesis? 
(A) ATP and NADP (B) ATP, NADPH: and oxygen 
(C) ATP, PGA and NADH2 (D) ATP, PGA and oxygen 


During the light dependent stage of photosynthesis, the photoactivated 
pigment removes an electron from the hydroxylation derived from the water 
molecule. The fate of the free hydroxyl radical is that it 


(A) is broken down into oxygen and a free radical of hydrogen 

(B) is used to raise the activation level of chlorophyll by donating a positive charge 
(C) is used to produce adenosine triphosphate from adenosine diphosphate 

(D) reduces carbon dioxide to sugar 

Carbon dioxide labeled with 14C has been used to identify the intermediate 
compounds in the Calvin cycle, the _ light-independent stage in 
photosynthesis. Which compound would be the first to contain the 1409 

(A) glucose (B) PGA (C) RUBP (D) starch 


The rate of photosynthesis of a freshwater plant is measured using five 
spectral colours. Which sequence of colours would give an increasing 
photosynthetic response? 


Smallest ——————_~_§_ Largest response 


A | blue green | yellow | orange | red 

B | green | yellow | orange | red blue 

C | red orange | yellow | green | blue 

D | yellow | green | orange | blue red 
During dark reactions the three carbon atoms of 3-PGA are derived from 
(A) RuBP only (B) CO2 only 
(C) RUBP + CO2 (D) RuBP + CO; + PEP 
Chlorophyll is soluble in 
(A) water (B) organic solvent 
(C) water and organic solvent (D) not in any solvent 
Photorespiration takes place only in 
(A) root (B) mitochondria 
(C) green parts of the plant (D) all cells of the plant 
In C, plants, fixation of CO, occurs in 
(A) palisade tissue (B) cortex of stem 


(C) spongy mesophyll and bundle of sheath (D) phloem tissue 


@ 


4 4 Bioenergetics Li 
(x) ATP synthesis during light reactions is 
(A) oxidative (B) photolysis 
(C) substrate phosphorylation (D) photophosphoryation 
(xi) In C, plants first stable product of photosynthesis during dark reaction is 
(A) PGA (B) G3P (C) RUBP (D) oxaloacetate 


(xii) The diagram shows the Krebs cycle. At which numbered stages does 
decarboxylation take place? 


pyruvate 


coenzyme 4 


acetylcoenzyme A 


oxaloacelate citrate 


4 
2 
4C compound 


SS E 
3 
(A) 1 and 2 (B) 1,2 and 3 
(C) 1, 3 and 4 (D) 1, 2, 3 and 4 


2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
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What is electromagnetic spectrum? 

Explain ‘action spectrum’ of photosynthesis. 

What are the types of chlorophyll? 

What is the importance of carotene? 

Describe ‘absorption spectrum’ in photosynthesis. 
What is photosystem? Explain. 

What is the role of carbon dioxide in photosynthesis? 


How it was confirmed that ‘plants split water as a source of hydrogen releasing 
hydrogen as a byproduct? 


What is the importance of G3P? 

What is the effect of temperature on the activities of RuBisCO? 
What are the disadvantages of photorespiration? 

How photorespiration evolved? 

Write the differences between: 


102 
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chlorophyll a and chlorophyll b 

carotene and xanthophyll 

action spectrum and absorption spectrum 

absorption spectrum of chlorophyll a and b 

antenna complex and reaction centre 

photosystem | and photosystem II 

light dependent reaction and light independent reaction of photosynthesis 


~nnan na 
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oxidative phosphorylation and photophosphorylation 
cyclic photophosphorylation and non-cyclic photophosphorylation 
C; carbon fixation and C3 carbon fixation 
lactic acid fermentation and alcoholic fermentation 
Calvin cycle and Krebs cycle 
) oxidative phosphorylation and substrate level phosphorylation 
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Ee Extensive Questions 


15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 


What is photosynthesis? Explain the role of light in photosynthesis. 
Describe the structure of chlorophyll. 

Write a note on the photosynthetic pigment carotene. 

Explain the arrangement of photosystems. 

Describe the role of water in photosynthesis. 

Describe the mechanism of photosynthesis. 

Explain in detail the light dependent phase of photosynthesis? 
Explain in detail the light independent phase of photosynthesis? 
Describe cyclic photophosphorylation. 

Describe Calvin cycle. 

Describe the kinds of cellular respiration. 

Give an account of ‘Glycolysis’. 

Explain oxidation of pyruvate. 

Explain Krebs cycle. 

Explain electron transport chain. 

Explain chemiosmosis and oxidative phosphorylation. 

Describe substrate level phosphorylation. 

Give an account of photorespiration in plants. 

Explain that C4, photosynthesis is an adaptation to the problem in photorespiration. 
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viruses among living and non-living things. 
ruses since their discovery. 
ses bases of their hosts and structure. 
structure of a model bacteriophage, and HIV. 
iagrams of bacteriophage, flu virus and HIV. 
virus must have a host cell to parasitize in ord 
a virus survives inside a host cell, protected from 
method a virus employs to survive/ pass over un 
e: to complete the life cycle. 

Lytic and Lysogenic life cycles of a virus. 
usage of bacteriophage in genetic engineering. 
the sequences involved in the lytic life cycle of a bacteriophage. 
cycle of HIV. 
8 name of the virus ie, "Human Immunodeficiency Virus" by establishing T-helper cells as 
immune system. 
the specificity of HIV on its host célls, 
toms of AIDS. 
ftunistic diseases that may attack an AIDS victim. 
treatments available for AIDS. 
mon control measures against the transmission of HIV. 


os ana ee iptoms, treatment and prevention of the following viral diseases: 
tran 


er to complete its.life cycle. 


the immun@system. 
favorable conditions when it does 


A 


curl virus disease of cotton. 
nsmission for each of the above-mentioned diseases. 
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in data the economic los iral i i 
y S am s from viral infections (cotton leaf curl virus disease 
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Ei cells; they are not capable of independent replication. They cannot 
energy and proteins. They are too small to be seen under the light 


ry and Discovery of Virus 

rd virus is derived from a Latin word “venom” meaning ‘poison’. In past, the term 
sociated with infectious diseases which have unknown cause. The first evidence 
xistence of virus came when (in 1884) Charles Chamberland, who worked 
Pasteur, found that the causative agents of rabies could pass through the porcelain 

| sizes of 100 — 1000 nm). However such filters could be used æo completely 
V > all bacteria or other cells known at the time from a liquid suspension. 

| p Tobacco mosaic disease was thought to be caused by bacteria. lwanowsky (in 1892) 
racted the juice from the leaves of tobacco having tobacco mosaic disease. In order to 
@ bacteria the juice was passed through porcelain filter. He thén-rubbed the filtered juice 

| leaves of healthy plants, expecting no disease to develop but the healthy leaves soon 
owed the symptoms of the disease. 

By 1900, similar disease producing substance hadybéen discovered in both plants and 
s. The name filterable viruses were given to thesé substances. W. M. Stanley (in 1935) 
fallized the infectious particle, now known as tobacco mosaic virus (TMV). Subsequently 
T other viruses actually have been seen with the help of the electron microscope. The 
study of virus is called virology. 

S.1.2 Characteristics of viruses 

They show the characteristic òf both living and nonliving things. The living 
haracteristics of viruses are: (1) Viruses occur in different varieties or strains. (2) They have 
‘own genetic material in the form of either DNA or RNA that can undergo mutation. (3) 
reproduce using the metabolic machinery of the host cell they infect. (4) They enter the 
living organism and cause disease i.e., intracellular obligate parasite. (5) They get 
d by ultraviolet rays. 

nonliving. characteristics of viruses are: (1) They lack cellular structure, 
and enzyme system and do not have metabolic activity of their own. (2) They can 
zedand stored in bottles. (3) They do not respire. Viruses behave as nonliving, inert 


0a ticles outside the host. 


have a very simple structure. A complete 
alled virion. Primarily, it can be divided 
core and coat. 
ner part of virion which at of - . er 
rious proteins (enzymes). Genome is the gene c material, which is eith 
singl sien 3 double stranded. Core proteins include ; 
‘the virus in its mode of action within host body. For 


ig 


gle stranded RNA genome inte 


‘have the enzyme to convert sin i in 
i re ur and hepatitis B virus contain the enzyme reverse 


i e stranded RNA genome into double stranded DNA genome. 


ste of viral particle which consists of capsid and envelop s. 
me Br coat of protein surrounding the core. ee er comm a f 
subunits called capsomers (capsomeres). The aihe p 7 S$ 
sular kind of virus. For example: Herpes virus has capsomers in its 
snovirus that causes common cold contains 252 capsomers in its capsid, 
ms of symmetry in virus capsid. When the capsomers are arranged in 20 


oO icosahedral (polyhedral or Bacteriophage capsid (Extra Reading Material) 1 
Jhen the capsomers are arranged | in a bacteriophage capsid there are” 12 vertices | 
‘coil that appears rod shaped, it is | and 20 faces. awe PAN Nid caper 
LA i iti constitute the icosahedra sid: pentagonal 
Ee few E. s oie (pentons) at the vertices and hexagonal | 


= (hexons) at the^ faces. There are 
mm the cell surface membrane of | always twelve pentons; but the number of 
ad also contain virally encoded 


st hexons varies among virus groups. HIV capsid 
i “The viral envelope is often covered | forms an unugual cone-shaped structure, with 
vco spikes that help them to 


twelve of.ethe.’pentameric rings and over a 
he host cell. 


hundred fiexamers. The number of capsomere in 
polio virus is 32. 


Ieee 


5.1.4 Classification of Virus 

rus classification is either based upon host organisms or on other structural characters such 
iology. genome type and mode of action in the host. The internationally agreed 
Virus Classification is based onthe structure and composition of the virus particle 


ne cases, the mode of replication is also important in classification. 


cation of viruses based aipon host 

Viruse s can be classified on the basis of their hosts 

acteriophac 2 virus, plant ruses and animal viruses. 

‘iophage virus: Pattacks bacteria. It is a DNA 
Thead and a tail. 


2,000 types of viral plant diseases 

p | pla are known. Most plant viruses 

aay pees mosaic virus (TMV), having an RNA here Many 
capsid like TMV e.g., potato yellow dwarf virus. | 


pinsos “Ho as parasites in animals. Viruses cause foot and mouth 
© Sarcoma virus causes cancer in animals. In many viral infections 


y certain cells in the human body causing the symptoms and 


ts. Poxivirus causes 
‘measles, mumps. virus causes p j 
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David Baltimore, a Nobel Prize- 
winning biologist, devised the Baltimore 
classification system, which places viruses 
into one of seven groups, based on their | 
mode of replication, and genome type. | 


ed viruses e.g., Influenza viruses. 
(d) əx capsid e.g., Bacteriophage. 

n the bases of genomes viruses are classified as: 
Double-stranded (dsDNA) e.g. smallpox virus. 
P Single -stranded DNA (ssDNA) e.g., mild rash virus. 
_ Double-stranded RNA (dsRNA) e.g., diarrhea virus. 
Single-stranded RNA (ssRNA); serves as mRNA e.g., Rubella virus. 
ssRNA; template for mRNA synthesis e.g., Influenza virus. 
ssRNA; template for DNA synthesis., HIV. 


Science, Technology nd S 

œ Describe the limitations of the vaccine for the common cold/flu virus. 
alt hough we can often refer to the causative agent of cold as “the cold.virus" there are E aided 
| than 200 viruses that cause cold. Developing a vaccine against the infection is not practical. 


Viruses are parasitic in nature. They are highly specific to their host. Bacteriophage 
‘infects only bacteria, the tobacco mosaic virus infects only tobacco plants and rabies virus 
‘infects only mammals. Some human viruses, even specialize in a particular tissue. HIV will 
enter only certain types of white blood cells, the poliovirus reproduces in spinal nerve cells, 
anc hepatitis viruses infect only liver cells. Human cold viruses infect only the cells lining the 
‘upper respiratory tract. Actually viruses,have protein spikes on their surfaces which help them 
attach with specific receptors on:the host cells. The specificity of attachment determines the 
host range of the virus. Some viruses have a narrow range, whereas others have quite a 
range. For example, poliovirus can enter the cells of only humans and other primates 


eas rabies virus can enter all mammalian cells. 


ust require host cell to complete life cycle 

ve a host cell to parasitize in order to complete its life cycle because viruses 
ellular parasites, which means they cannot multiply outside a living cell. 
‘act all sorts of cells, from bacterial cells to human cells. An isolated virus is 
produce or do anything else except infect an appropriate host cell. Viruses 
ic enzymes, ribosomes, etc., for making proteins. Therefore they need host 


lete their life cycles 


| of viruses inside a host cell ya 
host body has a strong defence against viruses but viruses respond los: 
by inhabiting the actions carried out by immune system (discussed in 
na ieir own genetic constitution so rapidly that vaccines 
1e i ctive. These are € 


is 
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~~" ote but side the he 
not need : 
st b tiny, they aa 
zp outside the host is maintained for a jpe i 
what virus is or pH and temperature of oa re tha 
liv on be said that they go under dormant pe 


= ain p ý 
outside living host, however, the genome of the virus remains viag 


form) outside the host. i st (usu 
a can in fact survive for long periods — aes b bes a 
erred viruses survive for sage te renga to attach tot “Š 
ra l rface of the 
viruses rely on the proteins on the sur'ac 
e is aval sensitive to degradation to sunlight’and normal clea 
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MN DNA The bacteriophag®òr simply phage Is the virus 
. - that attacks upon bacteria. 


| iw 


sg ciel 


It is generally a tadpole shaped virus. It consists 
of head neck and tail. The head is icosahedral in © 
shape. The inner core of head consists of a single” 
stranded DNA genome. Below the head is narrow 
feck or collar which separates head and tail. The tail” 

“Nis a hollow tube made up of proteins through which the 

4 nucleic acid passes during infection. The tail is” 
surrounded by a contractile sheath, which contracts” 
during infection of the bacterium. At the end of the tail. 
a base plate is present which possesses about six tail 
fibres around it and several tail pins or spikes at its 


lower Surface. The tail fibres and tail pins af 
involved in the binding of the phage to the bacterial 
cell. At the bottom of th 


of foo EL lyeezyme is released 
sine the portion of host ¢ 
penetrated into the he 


Pood 
iwi 


eu 


— i SAUNI infection., 
i r l h scteric phage _ Pe 
fe cycle of bacteriophage 


h 
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i Sia cells. The initial steps in the infection process such as ad sorption, 4 
and genome injection are quite similar in both cycles but mode of replication is — 
in lytic cycle or lysogenic cycle. 


7 ection Process 
| 4 fhe common steps of infection process of bacteriophages to their host are as under: 


‘The first step in the infection DNA 
process is the adsorption of the phage Protein coat 
9 the bacterial cell. This step is 
jiated by the tail fibres and tail 
ispikes. Phages attach to specific 
ceptors on the bacterial cell. 
ation 

The binding of the phage to the 
‘bacterium results in the contraction of 
F the sheath and release of lysozyme that 
‘digest the portion of bacterial envelope; 
‘as a result the hollow core tube is 
pushed through the bacterial envelope. 
This insertion of core tube is called penetration. 
Genome injection 

The penetration of core results,into the injection of viral DNA in the bacterial cytoplasm 
_ whereas, the remainder of the phage remains on the outside of the bacterium. 


m acterial 3 “ci 
A cell wall cas 


Fig. 5.2: Insertion of core into the bacterium 


5 (4 Replication of Bacierjophage ir Lytic Cycle 
The bacteriophage that performs lytic cycle is called lytic or virulent phage because it 
mediately causes lysis (breakdown) of its host cell after its own multiplication. It develops 


ter-Slave relationship with the host cell because host genomic DNA is immediately 


Bac . r the disintegration 

ar oh Structural proteins (head, tail) that comprise the phage as well as the 

| „ded for lysis of the bacterial cell are separately synthesized. Nucleic acid is then 
d nd then tail is added to the head. The assembly of phage 


a 


E s aA 


ii . _ om : sa 12 

S, Bacteriophage in Lysogen'’ Cyc k 
“ag En nic cycle are called lysogenic or temperate 
A alt e lytic cycle or enter a dormant state in t e 

ship because in this case the phage DNA 


and is replicated along with the host 
lis. This integrated state of phage DNA is 


into the host chromosome 
y and the bacteria harboring prophage 


ssi on to the daughter ce 
This process is known as lysogen 


T 
ana- 


lysogenic bacteria. 
ni A Collars, sheaths, and base pilates 
Heads are packed have been attached to heads. 
with DNA Tail fibers are added last. 


‘Phage attaches to 
receptor site on 
another bacterial gel 
wall, penetrates it, 
and inserts its DNA. 


*Phage DNA inserts itself 
(as a prophage) into 
N bacterial chromosome. 


Phage is replicated along 
with the bacterial DNA 
prior to binary fission. 


$ 
Fig. 5.3: Lytic and lysogenic life cycle of bacteriophage 


fate of a bacterium can get terminated anyti 
Sl e nytime when it is exposed to 
g — called induction. Conditions that favour the ‘onal of 
A ee hall exposure to UV or ionizing radiation, exposure to 
“ail 3 y i phage DNA then initiates lytic cycle resulting in cell 
“he phages are then capable of infectin i 
ked g new susceptible cells 
s in Genetic Engineering 
eld of biotechnology in which alteration i f 
f E AA n genetic material of an 
p sf n ar ene from one organism to another. Several 
tic engineer sering to accomplish the required task. The 


` 


-structural proteins are 


a) E vstriques n i phage DNA has also been used as vector in genetic 
BR caaea clones sr he development of genomic library (a collection of bacteria 
b) Bs Prarapy is the ap ee ains multiple copies of all the genes of an individual's genome) 
BE. Phave thera i ion of genetically engineered phages that can kill pathogenic 
Stier in their any m saaana over conventional antibiotic therapy. As phages are 
Eal patho l PEMURNO activity, meaning that with phage treatment it is possible to kill 
; p gens while avoiding harming of normal bacterial flora, i.e., our good bacteria. 
c) Bacteriophages have been used for many years as tools for the treatment of bacterial 
infections but recently a new application in the area of antibacterial nanomedicines has been 
discovered in which bacteriophages can be formulated as targeted drug-delivery vehicles. 


5.4 HUMAN IMMUNODEFICIENCY VIRUS 
Human immunodeficiency virus (HIV) is the causative agent. of acquired immune 
deficiency syndrome or AIDS. It was identified (in 1984) by research team from Pasture 
institute in France and National Institute of Health in USA. The jirus was named HIV (in 1986). 


BAA Structure of Human Immunodeficiency Virus 


Human Immunodeficiency Virus (HIV) is a retrovirus. It is spherical in shape. The 
outer covering is a lipoprotein envelope which consists of two layers of lipids; different 
proteins are embedded in the viral envelope, forming “spikes” consisting of the 
outer glycoprotein (gp) 120 and the transmembrane gp41. The lipid membrane is 
borrowed from the host cell during the budding process (formation of new particles). gp 
120 is needed to attach to the host edil and gp41 is critical for the cell fusion process. 
Beneath envelope another protein shell is present which is made up of matrix proteins. it 
lies between the envelope and capsid. The HIV capsid is somewhat conical shaped which 
is composed of capsomers. The. Viral core contains two single strands of HIV RNA and the 
enzymes needed for HIV OE 
replication, such as reverse : 
transcriptase, integrase 
and protease. The reverse protein 
transcriptase enzyme |S 
used to convert viral RNA 
genome “into viral DNA 
genome, integrase enzyme 
is used to incorporate viral 
DNA into host DNA while 
the protease enzyme is 
used to break large 
structural proteins into 
smaller units. These 


Envelope 
(lipid bilayer) 


d by three out of the 
iii genes. 
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ae . In addition 
sts of HIV are helper T lymphocytes (CD4 or T4 cells) on 
n hin vais may aa be tae pissed pineal Senta a 
The initial step in the life cycle of is oe proteina AMi CDA 
e binding of the virion glycoprotein 120 enve te viral envelope with — 
stor) on the surface of T4 cells. (2) Next the fusion of the ' Op 
Peis place and the virion enters the cell by endocytosis. oros i 
è HIV particle sheds its protective coat i.e., uncoating pee wei k 
ded viral RNA in the cytoplasm along with viral enzymes. (3) The “Á es. RNA 
inscriptase synthesizes a ‘single stranded DNA complementary tọ vi tho Sa 
called complementary DNA (cDNA). (4) After reverse trapaegeuon we 
RNA is disintegrated by the ribonuclease (RNAase) enzyme. (5) The sing E y anr 
replicated to form double stranded cDNA. (6) The double stranded c en 
into the host cell DNA. ' 
on is mediated by a virus 
enzyme integrase. (7) The 
Xd DNA is now caled 
(8 and 9) Viral mRNA is 
j from the proviral DNA by 
sii RNA polymerase. During 
on not only viral mRNAs for 
protein are formed but viral 
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K S 2 Viral RNA T4 cell 
RNA is also produced. (10) 
mRNAs are translated by 
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Sy ses 
mes into several large 2 


which are then cleaved by Cay 
coded protease to form the 
ral proteins. (11) The viral 
ts are assembied ~ and Provins any 
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V infection can be divided into 3 stages: Asymptomatic carrier, AIDS Related 
BAC), Full Blown AIDS. In asymptomatic carrier symptoms that may include are 
hills, aches (continued pain), swollen lymph glands and an itchy rash. These symptoms 
pear and there are no other symptoms for nine months or longer. Although the individual 
no symptoms during this stage, he or she is highly infectious. The standard HIV blood 
test for the presence of antibody becomes positive during this stage. 


i The most common symptoms of AIDS related complex are swollen lymph glands in 
_ the neck, armpit or groin that persist for months. Other symptoms includesnight sweats, 
persistent cough, flu, and persistent diarrhoea, loss of memory and depression: 


The full blown AIDS is the final stage. In it there is severe weight. loss and weakness 
due to persistent diarrhoea and usually one of several opportunistic infections. 


5.4.4 Opportunistic Diseases 


HIV doesnot cause any disease nor kills 
any persons, only destroys T-cells of immune 
system..The decrease in the human immune 
system results in the inability of the body to 
fight diseases. Due to weak defence system a 
person suffering from AIDS is attacked by 
Fig. 5.6: This photograph shows the multiple wounds diseases called opportunistic diseases, e.g., 
of the skin cancer on the arm of a patient with AIDS. Skin cancer, fungal infection, viral infection, 
gastrointestinal diseases, respiratory diseases, nervous system and eye diseases. 


5.4.5 Treatment of AIDS 

HIV is treated using a‘combination of medicines to fight HIV infection. This is called 
antiretroviral therapy (ART)? ART is not a cure, but it can control the virus so that HIV 
positive person can live.@longer, healthier life and reduce the risk of transmitting HIV to others. 
ART is a highly effective treatment for HIV infection, preventing progression of the disease in 
the vast majority of recipients. When ART is accessible and started early in the course of 
infection, the n of HIV-positive people is typically very close to that of comparable HIV- 
ut ART can have toxicities, is often costly, and requires strict daily pill taking 
quality of life. Because of the limitations of ART, a cure for HIV infection 
goal for research. 


| L6 Control Measures Against the Transmission of HIV 
AIDS can be controlled by preventing transfer of body fluid (blood, serum, semen, etc.,) 
t to unaffected person. The following behavior of precautionary measure will — 
|) Do not use used syringes and needles. (2) For blood transfusion, blood must 

) parn e at hem Rothnntes, binis oe 


& 5 Acellular life 


abies. Shaking hands, 


do not transmit HIV. One 
knobs, telephones, office 
and other insects. 


$ their b 
ing HIV should not feed 
n life. (6) Mother having v sh | 
ce a aon or sneezing and swimming in the same poo 
= ADS h as toilets, door 


a inani jects suc 
cannot get AIDS from inanimate obj snemitted by mosq uitoes 


T machines and house hold furniture. AIDS is not tr 


terpreting and Recording 7 
pra the given data the incidence and prevalenc 
SHEET NOVEMBER 2016 
AL HIV STATISTICS 
2 million people were accessing antiretroviral therapy (June 2016) 
million people globally were living with HIV (end 2015) , 
llion people became newly infected with HIV od 2a A 
a people died from AIDS-related illnesses en i : 
aie have become infected with HIV since the start of the epidemic LANS ay í k m 
people have died from AIDS-related illnesses since the start of the epi 
ng with HIV | 
there were 36.7 million people living with HIV. 


e of AIDS over a period of next five months. 


= 


dwide, 2.1 million people became newly infected with HIV in 20,15: 

J infections among children have declined by 50% since 2010: 
r since 2010, around 1.9 million adults have become,newly infected with HIV. 
interpreting and Recording 

a list of factors responsible for the spread of AID 

rs Source: www.unaids.org/en/resources/fact-sheet 
Pakistan: Nearly 100,000 people in Pakistan living with HIV/AIDS, but only 15,370 registered. 
of new HIV infections in Pakistan grew atan average of 17.6 percent per year between 2005 
ng it the highest increase in the world. The highest number of 1,278 Aids patients and HIV 
ae followed by 558 in Punjab,‘522 in Islamabad, 468 in the NWFP, 215 in Baluchistan 

mir 


The ‘Express Triubne, Islamabad. 12" May 2016 and The Dawn, Islamabad 28th December 2016 


In this section we will describe causative agent, s issi 

r n j , Symptoms, treatment, transmi 
prevention of hepatitis, herpes, polio and cotton leaf curl disease. ssion a 
i 5.5.1 Hepatitis 


Hepatitis is generally characterized as infl j iver i 
erall ] ammation of liver including other symptoms. It is 
generally caused by viral infection or rarely due to toxicity of drugs and certain pee cae It 


Ne (slowly progressing) 
patitis are Hepatitis A, Hepatitis B, Hepatitis 


Cause: Hepatitis A (also 
ie lled infectious hepatitis) i 
' is transmitted by th ca us hepatitis) is caused by HA : 
etie, nausea, vomiting ard aans. oer eam: The typical symptoms are fever, sso 
py is available. Preventi : ces are also seen. T ent: No 
a available. Observation of proper hygien are: with a vaccine containing 


is B (also called 
ismission: ba rum hepatitis) is caused 


e three main modes of by HBV. Symptoms: It is 


transmission are via blood, 
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[i E. 
Acellular life m2 


contact and prenatally from mothe : p% 
HBV. Prevention: Vaccine r to newborn. Treatment: Alpha interferon is effective 


ea Is highly effective in preventing hepatitis “B”. All blood 

; tis ok Ogg 

= Cause: Hepatitis C is Caused b 
via blood. Symptoms: Symptoms are 
interferon and ribavirin is the treatment 
available. Blood transfusion should be 


Hepatitis “D” 

Cause: The only human disease known 
to be caused by a viroid is hepatitis D. 
Transmission: The hepatitis D viroid can only 
enter a human liver cell if it is enclosed in a 
capsid that contains a binding protein. It 
obtains this from the hepatitis B virus. The 
viroid then enters the blood stream and can be 
transmitted via blood or serum transfusions. 
Symptoms: As in hepatitis B but more severe. 
Treatment and Prevention: Same as HBV. 
Hepatitis “E” 

It is caused by HEV. Transmission: Like HAV, it is also transmitted by the fecal-oral 
route. Treatment and Prevention: There is no antiviral treatment and vaccine. Observation of 
proper hygiene. 

5.5.2 Herpes Simple 

Herpes simplex is a superficial viral infection characterized by one or more painful, fluid- 
filled sores or blisters (an @levation of the skin) appear on the skin or epithelium of outer 
openings of the body. Tingling, itching, or burning may be felt on the skin before the blisters 
appear. Blisters break open and often ooze fluid and form a crust, before healing. The sores can 
last from 7 to 10 days: There are two primary types of herpes i.e., oral herpes and genital herpes. 

Oral Herpes 

Cause: It is caused by herpes simplex virus type-1. Transmission: HSV Type-1, is 

iran S D rimarily through oral secretions (saliva) or physical contact with sores on 

$ ‘the skin. It can also be spread by sharing objects such as toothbrushes or eating utensils. 

Symptoms: Most blisters appear on the lips or around the mouth. Sometimes blisters form on 

face or on the tongue. Treatment: Antiviral drugs are used to treat herpes. Prevention: 
j contact with affected area of the patient. 


y Hepatitis C virus. Transmission: It is only transmitted 
just like hepatitis B. Treatment: A combination of alpha 
choice for chronic hepatitis C. Prevention: No vaccine is 
screened as preventive measure. i 


Hepatitis (Extra Reading Material) 


Hepatitis F virus (HFM) is a hypothetical 
virus linked to hepatitis. Séveral hepatitis F virus 
candidates emerged in. the 1990s; none of these 
reports have been substantiated. 


Another potential viral cause of hepatitis 
that is probably»Spread by blood and sexual 
contact wąs initially identified as Hepatitis G 
virus. There is very little evidence that this virus 
causes hepatitis, as it does not appear to 
replicate primarily in the liver. It is now classified 
as GB virus C. e 


se: herpes simplex virus type-2. Transmission: In general, a 
ei Gol HSV type 2 infection during sexual contact with someone who has a 
infection. Symptoms: in genital herpes the sores typically occur on the penis, 


at Herpes. Preventio 


i | = i ir ru S a e 


X ic contact with affected area of the patient. 


‘Ss 
E A l : smission: Polio _ 
l paeo in by polio virus which is also an ae oropharynx ant 
aanse: it is caused os 2 oral route. Symptoms: It replicates virus replicates in the 
“as Ree and epea toed and central nervous system ees in paralysis of the 
Be neurone eed in the spinal cord. Death of these ce is permanent. Treatment: 
muscles innervated by theses neuron. The motor le ied is important. Prevention: 
There is no antiviral therapy. Physiotherapy for the aga table polio vaccine or IPV) and the 
_ Polio can be prevented by the killed (Salk vaccine, or e olio vaccine or OPV). 
z live, attenuated (weakened) vaccine (sabin vaccine or, oral p 


5.5.4 Cotton Leaf Curl Disease . Cau 
e Cotton leaf curl disease (CLCuD) is a serious ce ee cyt The 
f Begomoviruses. Transmission: This disease is transmitted by t e the youri eadi 
symptoms are initially characterized by a deep downward cupping i at and Preven 
This is followed by development of cup-shaped, leaf-like structures. Trea ia el 
Control of CLCuD is mainly based on insecticide treatments against t ss ins | 


3 u -r x a 


ù 


Fig. 5.7: Cotton leaf curl disease Fig. 5.8: Whitefly 


Table 5.1: Losses due to cotton leaf curl disease, in Punjab, Pakistan 
f =~ Affected Area (000 ha) 
J Production 
z Complete Tot 
SE es 


Loss in 


Loss in Pak 
Rupees (million) 


d Compare the number of fatalities caused by hepatitis, herpes and polio combined with the 
es caused by AIDS. i a iala 

IDS Control Programme, Ministry of health - Government of Pakistan. www.nacp.gov.pk. 
s in favour of the statement “prevention is better than cure” and present the arguments in class. 


B 5.6 PRIONS AND VIROIDS 
l The idea of an infectious agent that did not use nucleic acids and proteins together was 
___ considered impossible, but pioneering work by Nobel Prize-winning biologist Stanley Prusiner 
has convinced the majority of biologists that such agents do indeed exist. Prions and viroids 
‘are such agents which are acellular infectious particles like viruses but are even simpler and 
smaller than viruses. 
5.6.1 Prions 
i Prions, so-called because they are proteinaceous, are infectious particles, smaller than 
viruses, that contain no nucleic acids (neither DNA nor RNA). Electron microscopy reveals 
filaments rather than virus particles. Prions are much more resistant to inactivation by 
ultraviolet light and heat than are viruses. Prions are composed ofa single protein. This protein 
is encoded by a single cellular gene. 
Fatal neurodegenerative diseases, such as Kuru im humans and in cattle mad cow 
disease were shown to be transmitted by prions. 
5.6.2 Viroids 
Viroids are plant pathogens that consist of a short, circular, single-stranded RNA without 
~ a protein coat or envelope. Viroid RNA does not code for any protein. The replication 
mechanism involves an enzyme RNA polymerase ll, which synthesizes new RNA using the 
viroid's RNA as template. Some viroids are ribozymes, having catalytic properties which allow 
self-cleavage. The only human disease known to be caused by a viroid is hepatitis D. They 
cause several plant diseases, e.g.,,if potato, coconut, apple, peach, etc. 


ice, Technology and Society Connections 
e Interpret how viral infections cause global 
economic loss. 


| Science, Technology and SocietyGoun: 
e Suggest ways to rid human Civilization of 
viruses. 


e correct answer 
are considered nonliving because 
ate (B) they do not locomote 
(D) have nucleic acid | in 


oe (B) DNA, RNA and proteins — 
(0) protein, carbohydrate, lip : 
nt of virus and release of DI 


= 
y 


= i à e follows attachme 


((B)uisintegration of host DNA 
(D) DNA replication 


ba with them their own ribosome for pr otein formation» 


Į viral ribosomes form after viral DNA enters the cell 
5) ruses use the host ribosomes for their own needs 


B) protein (C) capsid (D) ribosome ~ 


_RNA retroviruses have a special enzyme that 
_ (A) disintegrates host DNA (B) polymerises host DNA 
>) transcribe viral RNA to DNA (D) translates host DNA 
hich of the following illness is caused by a retrovirus? 
J (A) typhoid (B) malaria GO AIDS (D) sleeping sic 


((B) helper T cells 
(D) red blood cells 


(C) brain (D) muscle 


(C) lipoprotein (D) glycoprott 


(B) virus CO TAN (D) viroid: 


| employs to sover 
ot havea host fo complete tna ete, i 


me of virus i.e., “Human odefici 
Imm en na T- 
cells as the basis of immune system. iiia i establishing T- 


; eur Specificity of HIV on its host cells. 

are the symptoms of AIDS. 
ain opportunistic diseases that may attack an AIDS victim. % 
at are the common control measures against the transmission w 
sribe the structure of prions and name any two diseases ca D 
Describe the structure of viroids and name the diseases caus Di 
What do you mean by AIDS, HIV, ART, CLCuD and TMv? i 
16. Distinguish between: 
(a) bacteriophage and HIV virus 
(b) lytic and lysogenic cycle of bacteriophage (c) prions and viriods 


Extensive Questions 


Give the classification of viruses based upon capsid and genomes. 
Describe the general structure’of a virus. 

Describe the structure of bacteriophage with diagram. 

Describe the structure of human immunodeficiency virus with diagram. 
Describe the Lee land Lysogenic life cycles of a virus. 

pey theʻusage of bacteriophage in genetic engineering. 

3. Explain the e cycle of HIV. 

de e treatments available for AIDS. 
Describe the causative agent, symptoms, 
ollowing diseases: 
| (b) Herpes (o) Polio 


transmission, treatment and prevention of 


(d) Cotton leaf curl disease 
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PROKARY 
Tå Afla ; best 
e Outline the taxonomic position of prokaryotes in terms of domains archaea ane bacteria and in 
terms of kingdom monera. 
e Explain the phylogenetic position of prokaryotes 
e List the unifying archeal features that distinguish them fr 
e Explain that most Archaea inhabit extreme environments 
e Justify the occurrence of bacteria in the widest range of habitat 
e List the structures missing in prokaryotic cells 
e Describe the composition of cell wall in a prokaryotic cel 
e Differentiate between the patterns of cell division i prokaryotiG.ar 
e Relate the structure of bacteria as a model prokaryotic cell. 
e. Describe detailed structure and chemical composition*of bacteria ther coverings. 
e Compare cell wall differences in Gram-positive and Gram-neg 
e Explain the great diversity of shapes and sizes found in bacter 
e Justify the endospore formation in bacteria to withstand unfav n 
e Explain motility in bacteria. 
e Describe structure of bacterial flagellum 
e Describe genomic organization of bacteria. 
e Classify bacteria on the basis.of methods of obtaining energy and carbon 
e Describe autotrophic and heterotrophic nutrition in bacteria 
e List the phases in the growth of bacteria. 
e Describe different methods of reproduction in bacteria. 
e Explain how mutations and genetic recombinations lend variability to bacterial reproduction. 
e Describe bacteria as recyclers of nature. 
e Outline the ecological and economic importance of bacteria. 
ə Explain the use of bacteria in research ~~ technology. 
e Describe important bacterial diseases in man e.g. cholera, typhoid, tuberculosis, and pneumonia; 
emphasizing their symptoms, causative ‘maaan treatments, and preventative measures. 
e Describe important bacterial diseases By piante in terms of Spots, blights, soft rots, wilts, and galls; 
emphasizing their symptoms, causative bacteria, and preventative measures. 
normal flora. 
° ead bacteria that meko ho normal bacterial flora residing in the oral cavity, respiratory 
+ Ue ts and large intestine of man. 
and urinogenital trac 


the benefits of the bacterial flora of humans. 


Describe 


E 6 Prokaryotes 


All cells can be grouped into two broad categories: prokaryotic cells and eukaryotic 
cells. All prokaryotes have a simple structure than eukaryotes. This chapter is an introduction 
to prokaryotes. The prokaryotes have an intense effect on human health, economy and 
environment. The prokaryotes are being extensively used these days in research and 
technology and this chapter lays emphasis on this important aspect of prokaryotes. 


6.1 TAXONOMY OF PROKARYOTES 


The Dutch scientist Antonie van Leeuwenhoek first discovered bacteria in 1674, 
using a single-lens microscope of his own design. He called them “animalcules”. 
Ehrenberg introduced the name bacterium in 1882. 

The taxonomic position of prokaryotes has been continuously changed»since their 
discovery. There are two separate system of classification are followed in which the 
prokaryotes are accommodated in different ways. 

64.1 taxonomic Position of Prokaryotes as “Kingdon Monera” 

In traditional two kingdom system of classification all, microorganisms including 
prokaryotes were placed in plant kingdom. In 1861, John Hog proposed kingdom Protista 
to accommodate microorganism so prokaryotes were also placed in this kingdom. In 1866, 
Ernst Haeckel made a separate group, the Monera for prokaryotes within the same 
kingdom Protista. 

in 1938, Herbert Copland elevated the status of Monera to kingdom level, so first 
time; prokaryotes were recognized as a separate kingdom “Monera”. In 1969, American 
biologist Robert H. Whittaker proposed five-kingdom system that incorporated the basic 
prokaryotic-eukaryotic distinction whichhas been modified by Lynn Margulis and Karlene 
V. Schwartz in 1988. They also.assigned a separate kingdom “Monera” for all the 


prokaryotes. 
6.1.2 Taxonomic Positiom of Prokaryotes as “Domain Bacteria” and 


“Domain Archaea” 


traditionally applied to all microscopic, single-celled 


The term "bacteria" was 
prokaryotes. However, molecular systematics studies, showed prokaryotic life to consist of 


two separate domains, (group of kingdoms, i.e., a taxonomic category above the kingdom 
level) called Bacteria and Archaea that evolved independently from an ancient common 
ancestor. These two domains, along with Eukarya, are the basis of the three-domain 
system, which is currently the most widely used classification system in bacteriology. 


6.1.3 Phylogenetic position of prokaryotes 

The evolutionary relatedness among various groups of organisms is called 
phylogeny. A major step forward in the study of phylogeny of bacteria was the recognition 
in 1977 that archaea has a separate line of evolutionary descent from bacteria. This new 
phylogenetic taxonomy was based on the discovery that the genes encoding ribosomal 
RNA are ancient and distributed over all lineages of life with little or no gene transfer. 


NA are commonly recommended as molecular clocks for reconstructing 
nd divided prokaryotes into two evolutionary domains as part of the three- 
archaea and eukaryotes. 


Therefore rR 


| nee 7 , eubacteria, 


w _ 6 Prokaryotes 


Animals 
Entamoebae Slime 
~J 
Plants 
Ciliates 


Diplomonads 


Fig. 6.1: Phylogenetic position of prokaryotes 


4.2 ARCHAEA 
The microorganisms Archaea were previously called archaeobac 
Shares certain traits with bacteria and other traits with eukaryotes. However, archaea also 
have unique characteristics and are different enough from bacteria to be incorporated into 


teria. Archaea 


their own domain, archaea. Classical photosynthesis using chlorophyll 

6.2.1 Unifying Features of Archae: has not been found in any archaea, 

The unifying features of archaea are: suggesting that chemoautotrophy predated 

y photo- autotrophy during evolution. 

Composition of cell wall Cyanobacteria are believed to be 

The cell walls of archaea do not:contain | responsible for first introducing oxygen 
peptidoglycan. In some archaea thescell’ wall is |_'"'° the Primitive atmosphere. 


largely composed of polysaccharides,and in others, the wall is pure protein. In a few there 
is no cell wall. 
Composition of cell membrane 
The plasma membranes of archaea contain unusual lipids that allow them to 
function at high temperatures. Lipids of archaea contain glycerol linked to branched chain 
hydrocarbons in contrast to lipids of bacteria that contain glycerol linked to fatty acids. 
Methanogenesis 
Methanogenesis the ability to form methane is a type of metabolism that is performed 
only by some archaea. 
_ Mode of nutrition 
Archeae use three sources of energy to prepare i i i 
ganic compounds and by using organic ed. Bes it by asing sunlight, by wae 
bosomal RNA sequence 
The most fundamental difference between archaea and eubacteria 


te 


i 
A. For instance, near nucleotide number 910 (out of 1500) 2 a fee 


have found the following difference. 
AAACUCAAA Archaea: AAACUUAAA 


aot 


any unique to Eubacteria | Many match eukaryotic ones 


c sensitivity (to er mar 

| Membrane lipids Carbon chains unbranched 
6.2.2 Most Archaea Inhabit Extreme fironments 

The first prokaryotes that were classified in domain Archaea ate species that live in 
‘extreme environments. Archaea includes (a) Methanhogens, (b) | Halophiles, 
(c) Thermoacidophiles. 
Methanogens 

The methanogens are methane gas producer and,are found in anaerobic environments 
in swamps, marshes and in the intestinal tracts of human and other animals. This methane, is 
also called biogas. 
Halophiles 

The halophiles grow where nothing else can live, such as on fish and meat that have 
been heavily salted to keep most bacteria away. The halophiles require high salt 
concentrations for growth. 
Thermoacidophiles 

The thermoacidophiles are isolated from extremely hot, acidic environments such as hot 
springs, geysers, submarine thermal vent and around volcanoes. 


6.3 BAGTERIAL ECOLOGY AND DIVERSITY 


T Bacteria arg found almost everywhere in environment and show great diversity. 


e of bacteria 

ur in the widest range of habitats. Bacteria are found almost everywhere in 
, food and in the bodies of plants and animals including human beings. In fact, 
es are extremophiles, which are adapted variously to extreme temperature, 


r groups of bacteria 

lly, bacteria have been subdivided taxonomically into groups based on their cell 

itive or Gram-negative), presence of endospore, metabolism, growth and 

physiological characteristics and other criteria. y: 

RIA - The Most Prominent Photosynthetic Bacte g 
, blue and bacterion, rod) are the 1 


we 6 Prokaryotes 


ia have Gram-negative type 
ents which may form 
trichome which jg 


te 
s. cyanobac 
am in the form of filam 


while some are found as epiphytic or symbiotic 
d in linear row, the 


of cell wall. The body may be unicellular and solitary A 
colonies. In filamentous forms the cells are c PA 
erik ided in mucilage sheath e.g., sag oe system of ia OH 

synthesis takes place in the inner to the ce ne. 

E o, rie is located in the outer zone of the sine as accessory pigment, 

d In addition to chlorophyll-a, cyanobacteria also use ipa ika algae and plants they use 

Phycocyanin, a blue pigment is their predominant phycobill * nor, both photosystems (non. 

carbon dioxide as a source of carbon, water as hydrogen pe ' elease oxygen during 

cyclic photophosphorylation) to harvest light nOneryy cat introducing Aygen into ta 
photosynthesis. They are believed to be responsible for firs 

mitive atmosphere. . 

4 About e third of cyanobacteria are able to fix atmospheric oer col Ga 
nitrogen fixation occurs in heterocycts, which are without nuclei è aa Anahe 
certain intervals in the trichome. In Pakistan cyanobacteria, e9», Nos oc and o 
purposely cultivated to increase the soil fertility, because of nitrogen fixation by tne g : 


Heterocysts 


Heterocyst J 
: Trichome 
Mucilage sheath 
Nostoc 
Fig. 6.2: Examples of cyanobacteria Ane 
ja 


T64 SIZE. SHAPE AND STRUCTURE OF BACTERIA 


A typical bacterium consists of cell wall, cell membrane, 
y a structures outside the cell wall. The structure of ba 
has already been discussed in section 1.4 of chapter- 

structure and chemical composition of bacterial cell wall, 


6.4.1 Diversity in Size of Bacteria 


cytoplasm, genetic material, and 
cteria as model of prokaryotic cell 
1. Here, you are going to leam detailed 
outer coverings and some other features. 


g od tat wk g to the group of Mycoplasmas, which infect animals. 
e spherica nd have approximate diameter of 0.1 to 0.2 um. Escherichia colh 
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have rod shape and are about 7 um long and 1.8 um in diameter. S 
um in length. One of the largest bacteria belong to Epulopiscium. It is visible to naked eye 


um long, 80 um thick). 


6.4.2 Diversity in Shapes of Bacteria 
| Bacteria have three main shapes: spherical, 
| rod shaped and spiral. However it has 

recently been shown that certain bacteria are 

capable of dramatically changing shape, for 
| example Helicobacter pylori exists as both a 
| helix-shaped form and a spherical form. 
| Such bacteria are called pleomorphic. 


Cocci 

Cocci are spherical bacteria. Cocci 
generally appear in groups which can be 
distinguished on the basis of plane of cell 
division and number of cells. As a result of 
single (vertical) plane of cell division, 
bacteria appear in pairs, called diplococci or 
in chain of many cells, called streptococci. 
As a result of two plane of cell divisions (first 
vertical then again vertical but at right angle 
to the first), bacteria appear in a square of 
four cells, called tetrad. As a result of three 
plane of cell divisions (first vertical then 
f again vertical but at righteangle to the first 

and then horizontal), bacteria appear in a 

cubical arrangement of eight cells, called 
i sarcinae. If plane of cell division becomes 
: irregular and many bacteria are produced 
which arrange like bunches of grapes, called 
staphylococci. The examples of cocci are: 
Streptococcus pneumoniae. 


Bacilli 

Bacilli are straight or rod shaped 
organisms. They always divide in vertical 
plane so they are found either in pairs, called 
diplobacilli or in chains of many cells, called 
streptobacilli. Some rod shape bacteria 
have spherical ends like cocci. Such bacteria 
are called coccobacilli. The examples of rod 
shaped bacteria are Escherichia coli. 


b ‘ 
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ome Spirochaets reach 500- 
(600 


Plane of 
division 


A Diplococci 


Or 


Or 


(d) 


Stephyococe! 
Fig. 6.3: Shapes and arrangement of cocoi 


Or 


EET E eroana | — 


Spirilli ‘cur singly, seldom form colonies, 
$ Spirilli are spiral shaped bacteria. They usually rig? lrochetes. ©-9-, Treponema 
“Thin and flexible spiral shaped bacteria are called Sp 


.. are called spirillum eg. 
| es sd bacteria are ca i 
liidum. Relatively, thick and rigid spiral nee E is which are intermediate to 


pinillum minus, whereas, curved or comma shape 
jolarae. 


spiral and rod shape, are called vibrio e.g., Vibrio cl 


cs 
(a) Single bacillus 
-CDEC 
b) Diplobacilli 
DED 


(c) Streptobacilli 


(d) Coccobacillus 


ta 
Tym eS eee 
Fig. 6.4: Shapes and arrangement of bacilli Fig. 6.5: Shapes and arrangement of spirilli 


6.4.3 Struct@re and Comp: 

The detailed studies of bacterial structure by the electron microscope revealed that 
the cell envelop is the outer wrapping of bacterial cell which consist of glycocalyx, cell wall 
and cell membrane. However, cell membrane sometime considered as the part of bacterial 


+, i 
'OtoDiad:! 


cocalyx is an outer coating that covers the outside of bacterial cell wall. The 
ist in two forms i.e., capsule and slime. The capsule is a condensed layer that is 
ely tightly associated with the underlying cell wall and gives sticky or gummy nature t0 
, whereas, slime is a more loosely attached layer that gives slimy or slippery nature t0 
| and can be removed from the cell more easily. Generally, the glycocalyx is made ¢ : 
haride. However, in some cases, protein can also be present. 
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c | ne it prevents the 

acteria by the cells of 
stem called macrophages. A 
with a glycocalyx becomes more 
The second function of a bacterial 
is to promote the adhesion of the 
to living and inert surfaces and the 
nt formation of adherent, glycocalyx- 
A populations that are 
yiofilms. Biofilm bacteria can become 
- | to kill, partly due to the presence of 

the glycocalyx material. 


Bacterial cell wall 


the characteristic shape of the cell. 


nctions of the 


Cell wall is the part of bacterial envelop. 
Composed of an inner layer of peptidoglycan and an outer lipoprotein membrane (found 
only in Gram negative bacteria). The peptidoglycan provides structural support and maintains 


— a 
Gram staining (Extra Reading Materia 
Gram staining is a method of differe 
bacterial speci groups 
positive and Gram-negative). The name comes fr 
the Danish bacteriologist Hans Christian Gram, w 
developed the technique. 
Gram staining differentiates bacteria by the 
chemical and physical properties of their cell walls. 
In a Gram stain test, Gram-positive bacteria retain 


(secondary dye) is then added whi 
Gram-negative bacteria a red or pink c 


The term peptidoglycan is derived from the 
peptide and sugars (glycan) that make up the 
molecule. Synonyms for peptidoglycan are 
murein and mucopeptide. 


It is situated outer to the cell membrane. It is 


The peptidoglycan layer is much thicker in’ Gram-positive than in Gram-negative 
bacteria. Some Gram-positive bacteria also have fibre of teichoic acid that protrudes outside 
the peptidoglycan, whereas Gram-negative bacteria do not have it. In contrast, the Gram- 
negative have a complex outer layer consisting of lipopolysaccharide and lipoprotein. The 
Gram-negative cell wall also contains a protein, the porins in outer membrane which act like 


pores for 


particular molecules. Lying between the peptidoglycan layer of cell wall and the cell 


nembrane in Gram-negative bacteria is the, periplasmic space which is the site of enzymes 
that degrade antibiotics. Pilus is present only in Gram negative bacteria. They allow bacterial 


cell to adhere to tissue 
in the human body. 
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andyean help the bacterial cell resist attack from immune system cells 
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i 6.4.4 Bact 


The cell or plasma membrane lies beneath the cell(wall which lacks cholesterols in 
-> lipid bilayer unlike eukaryotic plasma membrane. At certain points this membrane 
invaginates into the cytoplasm to form infolding, these are known as mesosomes. In 
addition to the control of transport of materials across the cell. bacterial plasma membrane 

also involves in cellular respiration, photosynthesis and DNA replication. 
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Fig. 6.7: Bacterial cell structure 

Bacterial Cytopiasm 

The bacterial cytoplasm is also a jelly like dense mass which lacks 
renes except ribosomes. The ribosomes are large in nu 

cytoplasm. These are smaller than euka 


| also consist of two subunits i.e. a 
SBMS aa at oroten ace, Dono subunit (30S) and a 


= eaaa are also present in bacterial cytoplasm. Stored food includes glycogen, 
proteins, fats e * whereas; wastes may consist of alcohol, lactic acid, acetic acid etc. 
6.4.6 Bacterial genome 


The nucleoid is the nuclear region of bacteria which is not separated from the 
cytoplasm by nuclear membrane. It is seen in the electron microscope as an area lighter than 
the cytoplasmic contents. It consists of a large circular double stranded DNA molecule which is 
also known as bacterial chromosome. Due to this single chromosome bacteria are considered 
as haploid organisms. A short duration of diploid state comes in their life cycle just before cell 
division when they replicate their DNA. Bacterial DNA differs from eukaryotic DNA as it is 
circular molecule. The nuclear DNA controls growth and metabolic activities òf bacteria. In 
addition to the nuclear DNA some bacteria also contain one or more extra nuclear small 
circular double stranded DNA molecules, the plasmids. They often contain genes for 
antibiotics or drug resistance and heavy metals resistance. 

6.4.7 Bacterial appendages 

The structures that project from the surface of bacterial cell are called bacterial 
appendages that include flagella and pili or fimbriae. Flagella are long thread like structures 
which are used for locomotion. Bacterial flagella are composed of flagellin protein and lack 
microtubules. In this way they differ from eukaryotic flagella. Pili or fimbriae are tubular 
extensions of cell membrane and project through, the cell wall. They are composed of pilin 
protein and can only be seen by electron microscope and are found only on certain species of 
Gram negative bacteria. Pili are used to transfer genetic material during conjugation. The other 
function of pili is attachment on the surfaceof tissues of an infected person. 

6.4.8 Structure of Bacterial Flageliun 

Bacterial flagellum is non-contractile, and lacks microtubules unlike eukaryotic 
flagellum. It is about 20 nm diameter and up to 20 um in length. It consists of three parts: a 
basal body, a hook and a filament. The basal body originates from cytoplasm just beneath the 


Flagellum Flagellum 
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Filament 
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Fig. 6.8: Structure of flagellum of bacteria 
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s n ia have only one 
cell membrane. It consists of two pairs of discs (Gram aretha on oa in can envai 
which are connected by a central rod. The basal body ancho to the filament. It is projected 
The hook is curved structure which connects the basal body inates from the hoo MAN 
from the cell surface. The filament is a hollow structure which pints peg mone T 
filament is composed of the globular protein flagellin. The re weer in chapter 1). Its 
bacteria flagella is quite different from eukaryotic flagella (already k s of basal body onal 
basal body produces rotatory motion. The 360° rotation of paired disc fi e 
the flagellum to rotate which in turn causes the cell to spin and move forward. 

6.4.9 Bacterial Spores and Cysts . . 
During late si of growth, when essential nutrients are depleted in the, environment 

and other conditions such as temperature, pH of the medium and availability of water become 
unfavourable certain bacteria form resistant and metabolically dormant bodies. Depending on 
the type of bacteria, these bodies are divided into 
endospores, exOSporess and cysts. Especially 
d by a complex structure 


endospores are characterize 
and resistance to high temperatures. | hat is why this 
dormant form is capable of surviving for periods more 


than thousand»years. The spore develops within the 
vegetativeecell inside the cell wall, so it has been 
named.endospore. The original cell forms a copy of 
Fig. 6.9: Endospore its chromosome and surrounds it with a tough wall, 


forming the endospore. Water is removed from the 
endospore. The metabolism inside it stops» The rest of the original cell then disintegrates. The 
@ndospores germinate when their environmental conditions become favourable. 

On the other hand the Actinomycetes, which are a large group of spore-forming, Gram- 
positive bacteria that grow by forming long tubules called filaments. Under nutrient poor 
conditions these filaments, differentiate into round thick walled resting structures termed 
exospores. In contrast to\endospores, these structures are part of the reproductive process 
and are formed outer to the cell wall. Azotobacter Species and several others are known to 
form cysts, which are dormant cells with thickened cells walls. Encystment (cyst formation) 
occurs by changes in the cell wall; the cytoplasm contracts and the cell wall me re 
resistant to desiccation and some chemicals. but i on. Cya 

l cannot withstand high temperatures as 
endospores can. p 


+56.5 MOTILITY IN BACTERIA 


Motility A movement is an important aspect of bacterial life 
| 'd optimal concentrations of nutrients and awa 
í y from toxic 
i | movement in response to chemical stimuli is called pris a 
ia show moverr centration or away from ; Such 
: Sali ed to light stimuli is called Phototaxis. Motility i bactaa aul by 
evera Spirochaetal movement and 


4 
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llar movement 


illi and spirilli are motile by means of 


are important characteristics for purposes of 
ntification and classification of bacteria. When one or 


‘more flagella ari se only from one or both ends of a rod or (gy D 


spiral-shaped cell, the arrangement is termed polar. For + 
example: if a bacterium possesses single flagellum at one XS 
end, called monopolar monotrichous; if the bacterium (e) N 


" possesses single flagellum at both ends, is called bipolar 
monotrichous or amphitrichous. Similarly, if a 
bacterium possesses a pair of flagella at one end, called (f) 
monopolar bitrichous; if the bacterium possesses a pair 


of flagella at both ends, is called bipolar bitrichous or 
amphibitrichous. But, if a tuft (more than two) of flagella, ”{g) 
is present at one end of a bacterium, called 


lophotrichous, and if a tuft of flagella is presentiat both Fig. 6.10: Arrangements of bacterial flagella 
ends of a bacterium, called amphilophotrichous: When, (a) Monopolar monotrichous, (b) Bipolar 


flagella arise randomly over the entire surfacéof the cell, monotrichous, (c) Monopolar bitrichous, 
(d) Bipolar bitrichous, (e) Lophotrichous, 


the arrangement is termed peritrichous. tf) Peritrichous, (g) Amphilophotrichous. 


6.5.2 Spirochaetal movement 


A somewhat modified version of the bacterial flagellum is called axial filament. It is 
present in Spirochaete. The axial filament runs lengthwise between the bacterial inner 
membrane and outer membrane of the cell wall in periplasmic space. Spitochetes can perform 
flexing, swimming creeping or spinning type of movements with the help of axial filament. 


ee 


naetal movement, the gliding motility is also represented by some genera of 
feria and myxobacteria. These organisms can move slowly over solid surfaces. 
y not have filamentous structures either internally like axial filament of spirochetes or 

lagella of bacilli but they secrete a slimy substance like garden snails during 


SS 4.6 MOD ES OF NUTRITION IN BACTERIA 
sria can be classified on the basis of method of obtaining energy and carbon. The 
which make their organic compounds from other orga wig 


= T 


E 
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photosynthetic bacteria. With 
bacteria contain unique type of 
rated in the membrane of 


hic bacteria are generally called 
cyanobacteria all the other photosynthetic 


bacteriochlorophyll. The chlorophyll is incorpo 
. Unlike green plants, algae, and cyanobacteria, they do not use water as 


ent, and so do not produce oxygen. Instead they use hydrogen S A 
to produce granules of elemental sulphur. This in turn may p pee ; 
d. However, like green plants, the photosynthetic bacteria uso a SEN 


ight to make carbohydrates from CO2 
E HS +CO, —sr > (CH,O), +H,O+2S 


acteria are green sulphur bacteria, green non- 


- examples of photosynthetic b 
cteria and purple sulphur bacteria. 

utotrophs 

hemoautotrophic bacteria make carbohydrates from inorganic substance. They 


t light energy. They oxidize inorganic substance. The energy produced by this 
ion is then used to make carbohydrates. Sulphur bacteria oxidize sulphur to produce 


, 
he energy thus produced is used by bacteria to make carbohydrate (CH20)p. The 
of chemoautotrophic bacteria afè nitrifying bacteria, sulphur bacteria. 


2H2S +O. 0. ——— 25+ H20 + Energy 


2H2S ENY n (CH20), + H20 + 2S 


A Science Titbits 


Cellular respiration is the breakdown of 
complex compounds into simpler for the release of — 
energy which may be aerobic or anaerobic, | 
accordingly bacteria are known as aerobic bacteria 
e.g., Pseudomonas and anaerobic bacteria 
Spirochete. Some are facultative bacteria e. 


sterotrophic Bacteria 

ophic bacteria cannot synthesize 
mpounds from simple inorganic 
depend on the organic 
nt in the environment. There 
heterotrophic bacteria: 


teria contain extensive J growth ar 
the complex e.g., Campylobacter. 


| organic matter) to simpler compounds. The bacteria then 
ple many soil bacteria, e.g., Pseudomonas, Azobacter 


_¥(6.7 GROWTH AND REPRODUCTION IN BACTERIA 


/ Microbes that are provided with nutrients and the required environmental factors 


~ become metabolically active and grow. 
6.7.1 Phases of Bacterial Growth ry 
Science Titbits 
Recently, some microbiologists have 


Bacterial growth takes place on two 
= Jevels. On one level, a cell builds up 
nine divided the growth i 
protoplasm and increases its size; on the other letters A to Fas follows — 
level, the number of cells in the population | (a) Lag phase- Growth rate is zero. 
aas Bacterial crowt i (b) Acceleration phase- Increasing growth rate. 
g h occurs in four (c) Exponential phase — Constant growth rate. 


major phases which can be represented by | (d) Retardation phase- Growth rate'is decreasing. 
| bacterial growth curve. (e) Maximum stationary phase-,Growth rate is zero. 
La g ph ase (f) Decline phase- Growth rate is negative (death). 


In this phase there is increase in cell size but not multiplication. Time is required for 
adaptation (synthesis of new enzymes) to new environment. During this phase vigorous 
metabolic activity occurs but cells do not divide. Enzymes and intermediates are formed and 
accumulate until they are present in concentration that permits growth to start. 
Log or Exponential phase ww J 

In log or exponential phase, the 
number of cells increases exponentially 
with respect to time, i.e., the number of 
cells doubles with each doubling time. 
The average time required for the 
population, or the biomass, to double is 
known as the generation time or 
doubling time. The cells multiply at the 
maximum rate in this exponential phase, 
ie., there is linear relationship between 
time and logarithm .of the number of ` 
cells. This continues until one of two Fig. 6.11: Typical growth c 
things happens; either one or more nutrients in the medium become exhausted, or toxic 
metabolic products, accumulate and inhibit growth. Oxygen becomes limited for aerobic 
organisms. — 

Stationary phase 

In this phase, due to exhaustion of nutrients or accumulation of toxic products death 
of bacteria starts and the growth cease completely. The count remains stationary due to 
balance between multiplication and death rate. 

_ Death or Decline phase 

= In this phase there is progressive death of cells. The rate of cell division is gradually 
decri and eventually cells stop multiplying. However, some bacteria may survive by 

spores or cysts during this phase. 


Log,, number offiving Bacteria 


‘tain. aes 


urve of bacterial population 


product ry: asexual method. In true sense sexual re 
rious methods of genetic recombination are misleadin 


Asexual repr eduction 
t common method of asexual reproduction in bacteria is binary 
3r, some bacteria reproduce by budding. 

Binary fission is 


wh cota ~ Plasmamembrane commonest type of reproduce 
Cell elongate DNA under favourable conditions in which 
wa 4 cell divides or splits into two similar 


= daughter cells, During the process, 
the bacterial DNA gets attached to 
the cellmembrane and undergoes 
replication. As the cell enlarges the 
daughter DNA gets separated. A 
cross wall is formed between the 
separating daughter DNA. It divides 
the cell into two daughter cells. The 
daughter cells soon grow to maturity 
Å within 20 minutes and divide again. 
Fig. 6.12: Binary fission in bacteria Budding: In case of budding, a 
Small protuberance, called bud, develops at one end of the cell. Genome replication 
| $, and one copy of the genome gets into the bud. Then the bud enlarges, eventually 
becomes a daughter cell and finally gets separated from the parents cell. 
exual reproduction 
In bacteria, ther 
= n of io a> 


ta apr 


no true sexual reproduction because there is no meiosis, 
zygote. Instead, it involves transfer of a portion of genetic 
donor cell to a recipient cell. This process is called sone 
IN cox uality. It occurs in three ways: conjugation, transduction ant 


<arvotes 


the DNA is called donor and the bacterium that will receive the DNA is called’ 
vient. Often a plasmid rather than the main bacterial DNA is transferred. 
The transfer of genetic material from one bacterium to another bacterium through 


Release of 
phage 


Phage-infected donor cell Recipient cell 


Es 


Fig. 6.14: Genetic recombination in bacteria (transduction) 


bacteriophage is replicated in a bacterial cell, at the time of assembly of its components a 
portion of host bacterium may be enclosed into the viral capsid. When such viruses cause 
infection to other bacterial cells the DNA fragment of the.previous host bacterium is thus 
transferred to the new host bacterium. 

When bacteria die or when they are reproducing very rapidly, they release 
fragments of their DNA into their immediate environment. Such DNA fragments may be up 
taken by other bacteria by means of diffusion in that énvironment. This process of absorption 
of DNA into a cell from its immediate enviranment is called transformation. As a result 
the cell is transformed into a new type of cell; These cells are called transformed cells. 


Release of 
DNA 


Antibiotic Recipient cell 
resistance gene 


ASi. 6.15; Genetic recombination in bacteria (transformation) 


g. 
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he s of enetic recombination or C 
ye en and even among different clones of a single sr 
es ip bacterial genomes come from random mutation due to diffe 


6.8 IMPORTANCE OF B. 
el or 
= -æ ~ 


> 
| are very important members of biodiversity from ecologicalsand economic 


gical importance refers to the role of bacteria in environment, such as 
tion of dead/complex organic matter, humus formation to increase the fertility of 
mediation etc. 


ficie of bacteria 


a “Bacteria serve as eyelets of nature as. they are involved in decomposition of 
iplex Organic matter in the environment. jf the dead bodies are not decomposed, the 
utrients present in their bodies would not’be released in the environment. The organic 

sent in dead bodies might diminish all the carbon dioxide from the atmosphere if 
no decomposers present on earth. Can you imagine the situation if there were no 
ide in the atmosphere? There would have been no photosynthesis in the plants 
sult no food would have been produced by plants. Bacteria play a very crucial role 
prit through the decomposition of dead organic matter. Bacteria use them as a 
r Ip in recycling the organic compounds trapped in the dead 
3, other organisms also get benefited, who can use the simpler — 
(e compounds/ nutrients released from the dead matter by various bacteria. 
Role of ba cte ria to increase soi yn and 
nitrogen f Kal fion 
ily decaying organic matter of dead organisms is called humus. It contains 
Soil fertility for the growth of plants. It also increases the 


ria and fungi are the only organisms that decompose dé | 
in humus formation. 


e nent for plants for their growth and n 
1 for pants as ay cannot t ohasa nitrog 


a 


Pa : = 
—— ~ 
= O 
rs 


Some Plants (leguminous plants) have a mutualistic association \ 
ilus bacteria) living into their tissues for this purpose. = 


in removal or degradation of environmental pollutants _ 


ai Pae of environmental pollutants by using living organisms is cal əd 
aap e involves the use of many bacteria that either naturally love to eat 
Ants or Nave been genetically altered to give them the taste for toxins. Scientists are 


; gning microbes to clean sites of contaminants such as oil, radioactive waste and mercury. 
here Economic Importance of Bacteri 


4 The pponomic importance of bacteria refers to the role of bacterial in’ research and 
technology, plant diseases and in human diseases. 
Role of bacteria in research and technology 


When we think of bacteria, we usually think about the illnessit'can cause and our need 
to get rid of it. However, bacteria play a lot of positive roles in.ourlives which are unknown to 
many of us. Bacteria play an important role in many technological fields, mainly in biological 
research, mining, medicine, production of food products, plastics synthesis and sewage 
treatment. The overall commercial worth of bacteria inthese operations is immense. 

Bacteria have been used and being continuously used in the study of genetics and 
genetic engineering. Bacteria were used as model organism in number of famous experiments 
such as the discovery of DNA as heredity material, discovery of semi conservative replication 
of DNA and etc. Many components of bacterial cell are also being used as tools in genetic 
engineering experiments. 

The miners can extract metal from low grade ores in an eco-friendly way by using 
certain bacteria. 

Bacteria are useful to mankind is in the production of complex organic molecules that 
are of use in small amounts as part of the normal process of living, these include antibiotics, 
vitamins, amino acids and enzymes. In addition to these compounds, the dairy products such 
r etc. are also produced with the help of bacteria. 


A treatment of waste water. 

ia in causation of diseases and spoilage of food 

side lot of benefits some bacteria are harmful for us. Parasitic bacteria attack plants 

various diseases. Many human diseases are caused by bacteria. Bacteria cause 

food, leather, fabrics etc. Bacteria spoil the food materials by decomposition. — 

cterial diseases in man hie ht 
se many diseases in man such as cholera, typhoid, pulmonar TC 


> a 


= 
« ry Da F > 
. = 


ij mie safe water, ensure prope! 


a 
—. 


h fever, tender abdomen and erated Pee prevail H It 
À AA a SR i om r 4 . ou . 
typhi. Treatment: Antibiotics sh ures. Vaccines ariii 


y by public health and personal hygiene me 


ry tuberculosis 
toms: The symptoms include mild fever la 
- on night sweats, weight loss, anorexia, an 
lood stained sputum. Cause: The causative agen 


sts for 7-14 days.and mild dr 
d weakness, dry hacking co 
t is Mycobacterium tuberculos 


ultipl i ina the long 6 toc@Q month duration 
; Multiple-drug therapy is used during | 
DOTS (directly observed treatment short course) of Sid two months dura ‘a 
ion: BCG Vaccine (Bacillus Calmette-Guerin) can be used. | 


symptoms: Pneumonia often begins with sudden chill, cough and pleuritic pain. 
is red brown “rusty” colour. Cause: The causative agent is Streptococcus 


ae Science, Technology and 
: Antibiotics are used. SR TES 


‘Bacterial diseases in plants e List some biotechno 


lie k utilizing bacteria. 
The important bacterial plant diseases are leaf 


lights, soft rots, wilts and galls. to "a 
i recombinant DNA technology, such 
insulin, human growth horm 
Genetic engineers often use a 
caused by x, fithomonas campestris on vector to introduce new genes 
x i i cells. The plasmid they use is 
n: Prevention of contact bacterium Agrobacterioum tumef 
Saccharomyces ceresvisiae (yea 
been used to produce h 
vaccine, alpha and gamma intei 


is: The symptom is termed blight in maize, rice and oat ete. Cal 


oryzae causes blight disease in rice. Prevention: Disease free seeds 
| plant by physical method. 
| i 


ting on any part of the plant. Cause: Corynebacterium ¢ 


“hay of diseased plants by physical method, 


p These are localised outgrowth mostly small but may be very large in some i 
diseases. Cause: Rhizobium leguminosarum causes small galls called root nodule in 


legumes. Prevention: Crop rotation, removal of diseased plants etc. 


Technology and Society 


| 


Science, Technology and Society Connections 

e Suggest how can we stop any epidemic to occur in 
. Narrate how bacterial diseases have future? 
_ affected human societies in the past. 
The plague, or "Black Death" which killed 100 
million people during the mid-fourteenth 
century, is caused by highly infections 
bac ı Yersinia pestis, spread by the fleas 
' Carried by infected rats. In 1994, an outbreak 
of plague occurred in India for the first time in 
30 years. Tuberculosis, a bacterial disease has 
killed millions of peoples in the past and also 
‘thousands of people all over the world 
including Pakistan. Streptococcus 
pneumoniae, causes pneumonia has killed a 
large number of people in the past. 


6.9 THE BACTERIAL FLQRA OF HUMANS 
There are approximately ten times as many bacterial cells as human cells in the human 
body, with large numbers of bacteria on the skinvand in the digestive tract. Normal flora is the 
term used to describe the various bacteria (and fungi) that are permanent residents of certain 
body parts, especially the skin, oropharynx, colon and vagina. 
Table 6.3 Some of the member of normal location 


Prevention is better than cure, so the measure to prevent 
any epidemic are: Massive programs of immunization for 
vaccine preventable diseases, €-g., tuberculosis, hepatitis 
B, polio etc., must be launched. Detection of cases at the 
earliest and to treat them properly is the goal. Complete 
quarantine of persons or domestig animals, which have 
been exposed to communicable diseases. Supply of safe 
drinking water. Control of vector disease, e.g., mosquitoes, 
house flies at larval stages“and adult stage. To educate 
people for improvingehygiene practices like washing of 
hands. If any communicable disease occurs it should be 
notified immediately, €.g., pneumonia, polio, etc. 


a z = 
~ BSE ] 


eS ee 


Clostridium species | Colon 
Escherichia coli and otherícoliforms Colon, vagina, outer urethra 
Lactobacillus species Mouth, colon, vagina 


“Staphylococcus aureus | Nose, skin 
Enterococcus faecalis Colon 
a Mout 


Viridans streptococci h, nasopharynx 


6.9.1 Benefits of the bacterial flora to hume 

The members of some normal flora play a role in the 
maintenance of health and the causation of disease in three 
significant ways: They can cause disease, especially in having | general, bacteria make life on 
an impaired immune system and weak, feeble individuals. | earth possible. Why? | 
Although these organisms are nonpathogens in their usual 
location, they can be pathogens in other parts of the body. They constitute a protective host 
fence mechanism. The nonpathogenic resident bacteria occupy attachment sites on the skin 
dn ucosa that can interfere with colonization by pathogenic bacteria. The ability of members 


Critical Thinking 
Although many bacteria can 
cause dangerous diseases in 


loca ti 


Ka 
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of the normal flora to limit the growth of pathogens is called coloniza 
normal flora is suppressed, pathogens may grow and cau 

They may serve a nutritional function. The intestinal 
and vitamin K. Poorly nourished people who are treated wit 


tion resistance. If the 


se diseases. | 
| bacteria produce several B vitaming 
h oral antibiotics can suffer vitamin 


deficiencies as a result of the reduction in the normal flora. 


6.10 CONTROL OF HARMFUL BACTRERIA 


Fig. 6.16: Joseph Lister the first 
person to use antiseptic. 
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and physical methods. 


Bacteria can be controlled by chemical 
l icteria 


6.10.1 >] hod 
disinfectants and chemotherapeutic 


Antiseptics, 
al methods for mierobial control. 


agents are used as chemic ntr 
The chemical substances used on livingstissues that inhibit 


the growth of microorganisms are called antiseptics. 
Oxidizing and reducing agents are important chemical | 
agents for disinfection, e.g., disinfectants that is halogens 
DE phenols, hydrogen peroxide, potassium 
permanganate, alcohol „and formaldehyde etc. These 
chemicals inhibit the growth of vegetative cells and are 
used on nonliving material 

Chemotherapeutic agents are chemicals and | 
antibiotics that“destroy the natural defence and stop the 
growth of bacteria and other microbes in the living tissue, 
e.g., sulphonamide, tetracycline, penicillin etc. 

Fore. teria 

Sterilization process is the process in which 
pnysical agents like steam, dry heat, gas, filtration and 
radiation are used to control 
destructive to all life forms 


bacteria. Sterilization is 
| his process is used to sterilize 
Surgical apparatus. It is also used to preserve food items on 
large-scale e.g., milk, meat etc. High temperature is 
usually used in microbiological labs for control of 
microbes. 

Certain electromagnetic radiations below 300 nm 
are effective in killing of microorganisms. Gamma rays are 
in general used for Sterilization process. Heat sensitive 
ens like antibiotics, seras, etc., ai be sterilized — 
— membrane filters. Pasteurization is thé 

"4 microorganisms by heating at temperature 
enough to kill nonspore forming bacteria, e. g., milk 1$ 


pasteurized by heatin : 
o gat71 i 
C for 32 minutes. C for 15 seconds and at 


several preti to several months 
n dry condition bacteria may not grow, 
atives inhibit the growth of bacteria. Acid is 
ents of salt are increased so that water in the food is not enough for 
chemicals like potassium metabisulphite are added. Pickles, 


m —_ 
e, echnology and Society Connections 
why it is important to disinfect articles of food and utensils before use? ©.” 


4. identification of bacteria from curd, mouth, or bacterial culture and ebservation of bacterial culture for 


= different shapes and sizes 

2. Staining bacteria using Grams staining technique 

3. Preparation and observation of the temporary mount of root nodule bacteria 
4. Study of Nostoc, Ocillatoria and Anabaena from fresh of preserved material 


Exercise 


lect the correct answer 


Cyanobacteria. > 
(A) are po isor ed by oxygen (B) are not widely distributed 


ech orophyll (D) have chloroplast 
Steria, unlike other types of bacteria that photosynthesize, do 


(A) not give off oxygen B)) give off oxygen 
(©) not have chlorophyll (D) not have a cell wall 
i are made up of pilin, which is 
carbohydrates (B) lipids (C) protein (D) vito 


nic bacteria cause disease by 

estroying individual cells of the host 
e host af their nutrients 
: (D) Sorin the Weer f C o 


x » a 
in A é 
Aha 4 — > 
| ae nm $i 


(C) flagella (D) both pili and flage 


o from eukaryotic membrane in 
B) lacking lipids 
(DY lacking cholesterol 


s also contains enzymes for 
ation (B) photosynthesis 
in synthesis (D) secretion o& 
ye anaerobes QY 
‘a constant supply of oxygen CS Y 
speel in an oxygenated environement 
) ( o not always need oxygen (D) are photosynthetic 


a ere ses between bacteria and archaea? 
tare ret pigments of bacteria? 
— | ı fixation takes place in bacteria? 
Sine chemical composition of cell wall.of bacteria? 
at are the morphological forms of bacteria? 
re the differences between cell wallof Gram positive an 
do bacteria survive under unfavourable condition? 


be arrangements of bacterial flagella. 


d Gram negative bacteria? 


ing in bacteria. 
membrane (c) nucleoid (d) plasmid 
K slime capsule (g) flagella (h) cell wall (i) pili 
hon the basis of methods of obtaining energy and carbon. 
ic bacteria are autotrophic in nature? 
Epia with reference to bacteria. 
s caused by bacteria in man. 
terig a that cause diseases in plants. 
nic h ; eh baer are beneficial to man? 
fb iii al flora to human? 


Gram positive and Gram negative bacteria 
lytic and lysogenic bacteria 

_ pathogenic and non-pathogenic bacteria 
autotrophy and heterotrophy in bacteria 
) photosynthetic and chemosynthetic bacteria 
j) chemotaxis and phototaxis in bacteria wy” 

h) bacteria and mitochondria (i) prokaryotes and.6ukaryotes 
: (j) cyanobacteria and bacteria (k) antiseptics and antibiotics. 
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c<tensive Questions 


Describe the taxonomic position of prokaryotes. 
What are the unifying archaeal features that distinguish them from bacteria. 


26 

af. 

28. How are most Archaea inhabit extreme environments? 

29 Why cyanobacteria are considered as the most prominent of the photosynthetic 

bacteria? 

30 Give an account of glycocalyx. What are the functions of glycoalyx? 

31 Describe the detailed structure and chemical composition of bacterial cell wall. 

32 Explain the great diversity.of. shapes and sizes found in bacteria. 

33. Describe the bacterial spores and cyst. 

34, Explain motility in bacteria. 

36. 
at. 


Describe the genomic organization of bacteria. 


ic and heterotrophic nutrition in bacteria. 

é phases of growth of bacteria. 

~ Describe asexual and sexual methods of reproduction in bacteria. 
‘What is the importance of bacteria? 

Explain the use of bacteria in research and technology. 

Describe symptoms, causative bacteria, treatments and preventive measures of the 

pacterial diseases in man: - 

| (b) Typhoid (c) Pulmonary tuberculosis (d) Pne 

nptoms, causative bacteria, and preventive measures of the followir 


6. Describe a 


(c) Wilting 
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PROTISTS 
g >> wo? Seat 
o P E$. rahi . 5 
After completing this lesson, 
F" you will be able to 


i 
in and defined only by 


A 


s as a diverse group of eukaryotes that has polyphyletic orig 

5 1 other groups. 7 
the salient features with examples of protozoa, algae, myxomycota and oomycota as the $ 

ups of protists. 

A protists are important for humans. 

characteristics that distinguish fungi from other groups and “giv 

cl d in a separate kingdom. 

. Classify fungi into zygomycota, ascomycota and basidiomycota and give the diagnostic features of 


7 
e reasons why fungi are 


ain yeast as unicellular fungi that are used for bakingand brewing and are also becoming very 
mportant for genetic research. 
k Name a few fungi from which antibiotics are obtainéd. 
e Explain the mutualism established in mycorrhizaevand lichen associations. 
Give examples of edible fungi. 
a Describe the ecological impact of fungi eatising decomposition and recycling of materials. 
e Explain the pathogenic role of fungi. 


5 
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IS at the basic knowledge about kingdom protista and kingdom 


two kingdoms are eukaryotes and = 
ae possess a iti w the 
animalia in evolutionary lineage. positon a 


re g eee thin oem 
PROTISTS - THE EVOLUTIONARY R ELATIONSHIP 
n Assortment of primarily aquatic organ a 
modes of n 


logists ə the kingdom Protista into three groups |e 
NKR (the algae) and fungi like protists (slime molds and v 
4a kingdom is a polyphyletic group of organisms; that is, protists do not share — 
sommon ancestor. This hypothesis is based upon the variations exhibited by them in 
ody structure, ways of obtaining nutrients, mode of life, habitat, methods of 
ductions and means of locomotion. . 
. ions exhibited by protists 
The protists show variations in size, methods of obtaining nutrients, 
reproduction and locomotion. 
Size: The size varies considerably within the protist kingdom, from microscopic protozoa to 
_ giant kelps, which are brown algae that can reach 75 metres in length: 
Although most protists are unicellular, some have a coldnial organization (a colony is 
a loose aggregation of cells), some are coenocytic (multinucleate but not multicellular), and 
some are multicellular. Unlike fungi, plants and animals, multicellular protists have relatively 
simple body forms without specialized tissues. 
Methods of obtaining nutrients: These differ Widely in kingdom pro 
protists, e.g., the algae have chlorophyll and. photosynthesize as plants do. Some of the 
heterotrophic protists, e.g., the water molds}ebtain their food by absorption as fungi do. Other 
heterotrophs, i.e., the protozoa and slime molds resemble animals i.e., they ingest food 
derived from the bodies of other organisms. 
Mode of life: It shows that many‘protists are free living while others form symbiotic association 
= with different organisms. These associations range from mutualism, a more or less equal 


“Rode of life, 


tista. The autotrophic 


rganisms benefit, to parasitism in which one organism lives on or 
ically dependent on it. Most protists are aquatic and live in oceans OF 
up a part of the plankton. 


‘ion Gis quite varied in the kingdom protists. All protists reproduce asexually and 
feproduce sexually with both meiosis and syngamy (the union of gametes). 
protists do not develop multicellular sex organs, nor do they form embryos. 
age y bryos. 


rotis s are motil e at some stage of their life cycle and have various jeans 
nent may be accomplished by amoeboid motion, i.e., extending : 


M tes 


hing flagella. Many protists use a combination | 
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i z = The name protozoa comes from the Latin word meaning “first ap (sing: 
] 0 zoon). The term protozoa is used today to designate an informal a k uncom 
tists that ingest food, lack cell wall and have centrioles. Body of the pro pE: iS a Single 
mass of cytoplasm and consists of one cell containing all the structures © a typical cell, 
Protozoans have organelles called vacuoles to perform special function. Their food is digesteg 


i 


-inside food vacuoles when they are with lysosomes. Freshwater protozoans have contractile 
" vacuoles for the elimination of water. Reproduction takes place by asexual and sexual 
method. The organs of locomotion are pseudopodia, e.g., Amoeba, cilia, $0., Paramedik 
flagella, e.g., Trypanosoma, the parasitic protozoans do not have any specific means of 
; locomotion, e.g., Plasmodium (malarial parasite). Regeneration iscommon in protozoans. 
, Protozoans form resistant cyst to overcome unfavourable conditions. The protozoans haye 
; been excluded from kingdom animalia due to their unicellular cell structure as rest of the 
animals are multicellular. 


Naegleria tov. Extra reading materials 
Naegleria ‘fowleri, an amoeba found in rivers, 
lakes, springs, drinking water networks and 
poorly chlorinated swimming pools. It causes” 
primary amoebic meningoencephalitis. The 
"brain-eating” Amoeba has killed 10 persons in 
2012, 8 in 2015 and 3 in 2016 in Karachi. Cases — 
have also been reported from Islamabad and 
other parts of Pakistan. 


Based upon means of locomotions, the 
Protozoan are further classified into Sarcodina, 
zooflagellata, ciliophora and sporozoa. 


Sarcodina 


These protozoans have cytoplasmic 
extentions i.e., Pseudopodia as. ` their 
_ locomotory structures. The sarcodines are mostly aquatic. Some of them are found in 
E freshwater and have no shell, e.g., Amoeba proteus (free living) and Entamoeba 
histolytica (parasitic, causes amoebic dysentery in human). While other are found in 
marine water and have shell either made up of calcium carbo 

y made up of silica (e.g., Actinopods). 


nate (e.g., Foraminifera) or 


Fig: 7.2 (a, b) Foraminifera (c, d) Actinopods 


Zooflagellates 


Protozoans that move by means 
is a human parasitic zooflagellate causes sleeping sickness. Choan 
freshwater zooflagellate. It is sessile and remains attached by 
surrounded by a delicate collar which resembles«the collar cell of sponges. 


of flagella are called zooflagellates. Trypanosoma 
oflagellate is marine or 
a stalk. Flagellum is 


Flagellum 
Collar 
> Cell 
meee Undulating membrane 
Basal 
granule Attached flagellumm 
i Free 
flagellum 
Stalk 
Kinetoplast 
Codosiga 
Fig. 7.3: (a) Trypanosoma (b) Zooflagellates A colonial 
choanoflagellate 
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Trichonymphas are complex specialized flagellates with many 

| flagella. They live as symbionts in the gut of the termites. It contains 

|a N ie bsneyrentionlly converts the cellulose of wood to 
| s that are easily digested by the insect. 


-2 £ 
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‘Ciliates 

a 5 These protozoans have hair like extensi 
. flexible covering called pellicle. Ciliates differ fro 
nuclei: one or more small diploid micronuclei that fu 
polyploid macronucleus that controls cell metabolism an 


A 
a and have additional oy 


m other protozoans in having two king 


ons called cili 


nction in sexual process and a lare 
d growth. (€-9-» Paramecium). 


| Trichocysts 
Pellicie . 
Anterior , : 
contractile s 
vacuole a. 
Cilia ba Micronucleus 
Or Oral groove 
Macronucleus iA Z 
i B V 
Posterior ~ 
contractile > A~ ~ Gullet 
vacuole : : : i 
4 TAN 
j Anal pors 
Vorticella 
id Paramecium 
Figa7 4 Ciliates 


Sporozoa/Ap 


These are parasitic protozoans. They lack | m 
Specific structures for locomotion but can move by | © 3 
flexing of body wall (undulating movement). At some | All animals are believed to have evolved 
stage of their lives, they develop a spore, a small | from a protistan ancestor, most likely a 
infective agent transmitted to the next host. Many | Protozoan, because protozoans are 
apicomplexans complete their lifecycle in two hosts, | "@terotrophic, ingest food and are 
(e.g., Plasmodium or malarial parasite). matig, 


A -2.2 ALG i “The Plant like Protists 


Algae (singular: alga) are found in ocean, freshwater ponds 
springs, polar ice, moist soil, trees and rocks. Algae may be laid 
multicellular. In multicellular algae, e.g., sea weeds, the body is branch 
called thallus. The photosynthetic pigments found in algae are gree 
yellow and orange carotenoids (carotene and x da 


š z a 


lakes, streams, hot 
ular, filamentous 
d or leaf like flattened 
chlorophylls (a, b, c, € 
anthophyll and red phycoerythrin (a ‘in 


body and embryo is not formed. Therefore, they were excluded from kingdom plantae. Based 
upon pigment composition, algae are classified into many groups. Some of them are following. 
Euglenoids 


These are small unicellular freshwater organisms that do not have cell wall unlike other 
groups of algae similarly some of them are colorless and heterotrophs. Euglenoids have 
chlorophyll (a and b) and carotenoids. (e.g., Euglena). 


Long 
flagellum 


Eyespot 


vacuole 


Nucleus 
Chloroplast 


Nucleolus Pyrenoid 


Pellicle 


Starch 
granules 


Fig: 7.5: Euglena 


Dinoflagellates pan Canin 
Most dinoflagellates are unicellular. Their $ $ 
cells are often covered with shells of interlocking 
cellulose plates . deposited with silicates. 
Dinoflagellates are known to have occasional 
population explosions or blooms. These blooms 
frequently colour the water orange, red or brown 
and are known as red ride. This is because of 
the release of a carcinogenic compound, called 
red toxin. Dinoflagellates have chlorophyll (a and 
c) and carotenes, Fig. 7.6: Dinoflagellate 


Flagella 


e most numerous unicellular algae in the oceans. They are also p tifu 
iatoms are covered by transparent shells which are made up of silica ane 
s, with the larger halves acting as a “lid” for the smaller half, Diatoms nay 
j c) and carotenes. i 7 
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Brown Algae 

These range from small forms with simple filament 
in length, live in cooler marine water. The large brown alge 
in appearance. They possess leaflike blades, stemlike stipes a 
Brown algae also have chlorophyll (a and c) and carotenes. 


s to large multicellular forms up to 75 metre 
igae,called kelps are tough and leathry 
nd rootlike anchoring holdfast 


Fig: 7.7: Diatoms 


Red Algae 


They are mostly multicellular, present chiefly in warmer 
seawater growing in both.shallow and deep waters. They 
can be up to a metre long attached to rocks or other 
substances by a basal holdfast. Red algae also have 
chlorophyll a and carotenes. 


Green Algae 


They live in the ocean but are more likely found in 
freshwater and can even be found on land. Green algae 
¿have pigments (Chlorophyll a, b and carotenoid), energy i 
reserve products (starch) and cell wall composition (large Fig: 7.9: Red aii j 
quantity of cellulose) that are identical to those of 
es of RNA sequence, it is generally accepte 
ancesstors i.e., form monophyletic lineag 


plants. Because of these and other 
d that plants and green algae h 
e (e.g., Chlamydomonas, Spirog) 
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i Daughter 
colony \ Cells 
f 
| 
| 
j Flagella 
| Volvox Colony 
|l 
———— Cell wall 
Pr ——_ _————————. Cell membrane 
Pf ‘ 
al e ,—— ~> Cytoplasm 
P, : ° : s Bn 
| —- Nucleus 
k  Nucleolus 
Chloroplast 
x large, cup- 
shaped 
Pyrenoid 
site of starch 
Chlorella formation and 


storage 


Strand of 
cytoplasm 


Pyrenoid 


Nucleus 
Cell wall 
Chloroplast 


Sheath 


` 


a) i FB > Protists and Fu 
7 2.3 Myxc comyco a and Oomycota: Fungi Like Protists 
| sms are generally resemble with fungi in that they are non photosynthetic 
wens of them have bodies formed of thread like structures called hyphyae, 
re not true fungi due to several reasons. Majority of them have centrioles jn 
d aa cell wall made up of cellulose unlike fungi. Therefore, they have been 
rom kingdom fungi. Two major groups of fungi like protists are: Myxomycotes or 
ds and oomycotes or water molds. Slime molds (Extra reading material) 
MYCOTA: Slime Molds Slime molds are organisms that are fungus” 


like in one phase of their life cycle and. 
= body of slime molds is called | amoeba like in another phase. of, their life 
diu It is a diploid multinucleated, 


cycle. Slime molds are similar in some respect 
S, Saprotr 
d, cytoplasmic mass enveloped by slime i mis i.e. "a RININ nb 
i that ormation O 
a n. E a glial spores. Slime molds differ from fungi due to 
touno , decaying logs and lea 
S it creeps along, it ingest bacteria, yeast, 


the presence of motility'in the life cycle. 


sporangia 
+ - ja 
tormation begins 


Young 
Plasmodium Mature 


Pläsmodium i 
Young 


Zygote sporangium 


Diploid (2n) 
Haploid (n) 


Mature 
sporangium 


Spores 


Germinating 


a 


fal 


- meiosis. On the return of favourable conditions, the spores germinate and release haploid 


7 Protists and Fungi À 


spores and decaying organic matter. Under unfavourable conditions, such as during drought 
the Plasmodium develops many sac like structures, called sporangia that produce spores by 


flagellated cells or amoeboid cells. Eventually two of them fuse to form a diploid zygote that 
feeds and grows, producing a multinucleated plasmodium once again. 


OOMYCOTA: The Water Molds 
a | 


Oomycotes or water molds include white rusts and downy mildews. Most of the | 
members of this group are parasites. Their body is called mycelium, composed of filamentous 
structures the hyphae as in fungi. The hyphae are aseptate (coenocytic), i.e., without cross 
cell wall (septa). Most oomycotes live in freshwater or saltwater or in soil. Asexual reproduction 
takes place by zoospores, which are motile and have two flagella. Zoospores are produced in 
sac like structure, the zoosporangium. For sexual reproduction theré.are two types of 
gametangia, female gametangium is called oogonium and the malg gametangium is called 
an antheridium. The flowing of the contents of an antheridium into’an’ oogonium leads to the 
individual fusion of one or more pairs of male nuclei with eggs. This produces a special kind of 
thick walled zygotic cell called an oospore. This structure gives the phylum its name, i.e., 
phylum oomycota, e.g., Phytophthora infestans. 


Germ tube Oogoniumi 
T a nN _ Egg nucleus (n) 
A ‘a a Lu C MEIOSIS i Antheridial 
j A Xi NAG IIN hyphae with 
' Asexual ae i VE LAAN sperm nuclei (n) 
reproduction ^ ase qwl OF 
P Sy, CAZ, J 
E9 a 
Zoospore (2n) ri 


FERTILIZATION 


: R ase ¢ 
~ te zoospor ygotes \ 
a . oospores) 
| Sexual ton) d 


É] 
NY y reproduction 
Zoosporangium (2n) h Zygote 


(T Haploid (n) 
[C] Diploid (2n) 


\ 


germination 


TANC ROTISTS TO HUMANS 
i pe a 
h as, sleeping sickness _ 
2s in man are caused by protozoans suc ness, 
which have already been discussed. Phytophthora infestans ca j 
ase in potatoes p A 
Part of an infected leaf in section 


haustorium 
inside host 
mesophyll 

cell 


Stoma / s= Sporangiophore 


N poi 


/ 
Haustoriuum 


Fig. 7:13: Phytophthora infestans 


role of protists 


N Me 


Diatoms, dinoflz gelle les and green algae are important sources of food and oxygen 
ph in bA reshwater and marine ecosystem and act as major producers in 
yste Some red algae incorporates calcium carbonate in their cell walls from 


; Bs 

1 and take par in building coral reefs along with coral animals. Dead foraminifer 

botton of the ocean where their shells form a grey mud that is gradually transform 
miniferans of the past have created vast limestone deposits. 


SE sero a “S 
atively new food source is si ni an experimental organism in research in photosynthesis. A 
ie w modei ngle cell protein (SCP). The plasmodial slime mold Physarum 

el organism that has been used to study many fundamental biological 


= processes, such as growth and differentiati i i i 
ia ati , and the functions of 
cytoskeleton. on, cytoplasmic streaming, an e functions O 


sA .4 GENERAL CHARACTERISTICS OF FUNGI 
The multicellular (except yeast), eukaryotic, absorptive 'heterotrophs which have cell 
wall made up of chitin and lack centrioles in their cells are classified as fungi The study of 
fungi is called mycology. The person who studies fungi is called mycologist. 
7.4.1 Taxanomic status of fungi (Fungi as separate kingdom) | 
Fungi are different from plants as: (1) Fungi have no chlorophyll (2) fungi never have 
flagella (3) fungi are saprotrophs. Fungi are different from animals as fungi: (i) have cell 
wall (ii) are absorptive heterotrophs (iii) are non-motile. So fungi can neither be placed in 
kingdom plantae nor in kingdom animalia. Similarly, fungican not be classified in kingdom 
Protista as fungi are not direct decendendent of prokaryotes | eS 
and they cannot be put into kingdom monera as fungi are 
eukaryotes. Fungi also show some unique characters not 
found in other kingdoms such as “nuclear mitosis”. Because 
fungi are distinct from plants, animals and other eukaryotes in 
many ways, so they have been classified as separate kingdom. 
fungi and red algae lack flagella 


7.4.2 Habitat in all stages of their life cycle. 

Fungi grow best in moist Habitats, but are found wherever organic matter is present. 
They survive dry conditions in some resting stage or by producing resistant spores. They can 
also tolerate a wide range of pH from 2-9, a wide temperature range and high osmotic 
pressure such as in coficentrated salt/sugar solutions as in jelly, jam etc. These features also 
help them in their survival on land. 


7.4.3 Fungal‘Cell structure 
The er cells are eukaryotic in nature, have chitinous cell wall and lack centrioles and 
plastids. If carbohydrate is stored, it is usually as glycogen and not starch. Some cells have 
single nucleus (monokaryotic), some have two nuclei (dikaryotic) while other have multiple 
3i (multinucleate or coenocytic). Fungal cells show a unique mitotic division, called nuclear 
n which spindle fibers are formed within the nuclear envelope for the distribution of 
mes between the daughter nuclei. 

ze range and body structure of fungi 
> in size from the unicellular, microscopic yeasts to the large, 
do not have root stem or leaves. The body of most fungi is a m 
| ium. A mycelium is a network of filaments called hy 


i Science Titbits 
The ancestry of fungi which evolved 
about 570 million years agọ, has 
not been determined. It has been 
suggested, that fungi evolved 
from red algae because both 


we 
P 


- or di 
; mycel 


The cross walls of septate hyphae are pe for | 
compartment to other. Yeasts are the only unic llular 
al fungi. Some fungi also form large fruiting bodies (bas dioce 


le, lack basal bodies and do not have flagella at any Stag heirlife | 


@. They move towards a food source by growing towards it i.e., chemotropism. f 
Modes of nutrition in fungi 
Fungi lack chlorophyll, so they are nonphotosynthetic. Thús} mode of nutrition ia) 
el - Based upon ways of obtaining nutrient fungi may\be saprotrophs, Parasites, Fi 
2 onts (mutualists). R- l 
Saprotrop hic fungi 
Mc ingi are saprotrophs, decomposers that obtain their food directly from dead 
They secrete out digestive enzymes, which digest dead organic matter and the 
bules thus produced are absorbed:back into the fungus. Therefore, they are — 
2d absorptive heterotrophs. Saprobic fungi anchor to the substrate by modified hyph ae, 
Parasi 
. fungi are parasites,.Some are even predators, and still others are mutualists. 
| absor ients@irectly from the living host cytoplasm with the help of spe 
Ile ey may be obligate or facultative. Obligate parasites | 


. defined growth cultur 
lews an Species are obligate parasites. Facultative parasite 
yon their host as well as by themselves on artificial growth media. 


Predators. The oyster mushroom (Pleurotus 
the nematodes, penetrate them, a 
jen requirements. uire 
Soil by forming constricting 
ET | 

alistic fungi: Lichen and Mycorrhizae _ 


—— 1 between a fungus 
oe a few Shaldiomyestes), a 
ote ‘et alga. The body of lichen 
y e upper layer is thin and tough 
sts of fungal hyphae. The middle layer 
fungal hyphae interwoven with 
ynthetic cell. Bottom layer consists of loosely 
e fungal hyphae. Specialized fungal hyphae 
whic 1 penetrate or envelope the photosynthetic cells, 
transfer nutrients directly to the rest of the fungus. Fig: 7.14: A cross séetion of lichen 


a Myco rrhizae are mutualistic relationships . 
between soil fungi and the roots of most plants. The pa oa 
hyphae help in the direct absorption of phosphorous, ri 


Zinc, copper and other nutrients from the soil into the 
foots. Plants whose roots are invaded by 
mycorrhizae grow more successfully than do plants 
Without mycorrhizae. There are two main types of 
mycorrhizae in which mycilia extend far out into the 
‘soil. Endomycorrhizae penetrate only into the outer 
Cells of plant root forming coils, swellings and. minute pie 
branches and also extend out into surrounding soil. sr 

Ectomycorrhizae form a covering thats exterior to \/ 
the root, and they grow between cel! walls. These — Mycorthizae 


are mostly formed with pines, firs@te: Fig: 7.15: Mycorrhizae 


Fungal 
all hyphae 


rhe 

68 & B pa is 
akes place by sporangiospore, conidiospore, budding- 
are produced in spherical sac like structures, pie h oran 
s of special erectly growing hyphae, the sporang'op pp A 

 conidiospores are produced in the form of a m j chains 
special erectly growing hyphae, the conidiophores @.9., Penecillium. Bu ding is 
/ yeast in which first, nucleus is divided into two daughter nuclei by nucieai 
rowth is formed which takes one of the daughter nuclei and subsequentiy 
parent cell. Fragmentation is the breakdown of mycelium; into different 

again regenerate into new mycelium. 


Fusion Diploid 


a 


Haploid 


Meiosis 


Diploid 


ingi. Fungi alternate between sexual and asexual repre 


chanism of sexual reproduction vary in different groups of fungi but 
and meiosis are common to all. In sexual reproduction, hyphae of two 


compatible mating types come together, their cytoplasm fuse 
nuclear fusion (karyogamy). In two of the three main groups of fungi 
s) fusion of nuclei does not takes place immediately after ti 
enetically different nuclei of two individuals may coexist ant 
e life of the fungus. Such a fungal hypha having t 


“peel of kingdom fungi into four phyla/divisions is based primarily ¢ 
esence or absence of sexual reproduction, type of their sexual reproductive structure 
methods of oo These phyla are: Zygomycota, Ascomycota, Basidiomycota 
7.5.1 Zygomycota (Conjugating Fungi) oni 

The phylum zygomycota is called conjugating fungi because during sexual 
reproduction their hyphae are fused just like the conjugation in bacteria. They are mainly 


Fusion 
oa 
Gametangia 


Sporangium + Strain — Strain Í | 


mes Fig: 7.19: Reproduction in Rhizopus 

iving on plant remains, on bakery goods, on vegetables and fruits. Some wt 

li soil protists. Hyphae are nonseptate, mycelium well 
tual reproduction takes place by sporangiospores, ©@.g., FVM. 


CO hee 
of 
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z tructures s 
and roduce gametes. These stru ii 
and to form gametangia, structures that p ta. Plus and mious Ruska 


“Separated from rest of the mycelium by the formation of sep 
fuse to -aih diploid ~ana the siai There is no delay between plasmogamy and 
karyogamy and therefore, no dikaryotic phase. 

The zygote develops into a zygospore. The division oF phylum name roforg to the 
Zygospore. Zygospores germinate under favourable conditions and divide by nea The 
Wall of the zygospore splits and hypha grows upward. The tip of the hypha develops into a 
Sporangium. The sporangium contains many nuclei. The wall of the sporangium ruptures and 
ihe Spores are liberated. Each spore grows into a new plus or minus strain ọfmycelium. 


79.2 Ascomycota (Sac Fungi) ~~ 

Ascomycotes are the members of phylum 
ascomycota. It is a large group. Ascomycotes are 
also known as sac fungi because their sexual 
Spores are produced in little sacs called asci. 
heir Mycelium consist of septate hyphae. There 
iS Gelay between plasmogamy and karyogamy, 
therefore, both monokaryotic and dikaryotie 
phases are found in the life cycle. 


Asexual reproduction involves production o 
Spores called conidia or conidiospores» Conidia 
Wary in Shape, size and may be muiticéliular. TI 
colour of conidia is what gives the characteristic 
Brown, blue, pink or other tinteto many of these 
molds. In unicellular yeasts,“asexual reproduction 
takes place by budding and fission. 


Sexual reprodiiction takes place when 
monokaryotic hyphae produced by the germination 
of two differentespores, grow together and their 
= Cytoplasms are get fused (plasmogamy). Within this 
= fused structure, haploid nuclei from the parent 
hyphae pair but do not fuse. New hyphae develop 
1 the fused structure and the cells of these 

ae are dikaryotic. The dikaryotic hyphae grow 

a secondary mycelium which also develops 
body known as asCocarp. It is a cluster of 
ngated sac like reproductive structures of 
called asci in which ascospores are Fig: 7.21: Conidia | 
an have different shapes. In cup fungi they are cup shaped, in mol 

ng in the morels they are stalked and crowned by bell shap 
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_ Within an ascus the two nuclei fuse and form 
j proia nucleus, the zygote, ‘which undergoes 
meiosis to form four haploid nuclei. This ie is 
usually followed by one mitotic division of each of 
the four nuclei, resulting in eight haploid nuclei 
Each haploid nucleus develops into an ascospore. : 


The ascospores, are then windblown if they 
land on a suitable location and germinate to form a 
new primary mycelium of monokaryotic hyphaeThe 
examples of sac fungi are Yeasts (Saccharomyces), 
Neurospora, Morels, Truffles, Penicillium. Fig. 7.22: Bugelyg in Yeast 
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i 
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’ l Hypha 
ri i 
Fig. 7. 23(a) Penicillium (b) Penicillium colony 


7.5.3 Basidiomycota (Club-Fungi) — i 


Basidiomycota includes edible and poisonous mushrooms, bracket fungi, puffballs and 
some notorious plant pathogens such as rust and smut. These fungi are commonly known as 
club fungi due to.its characteristic club (rod) shaped reproductive structures, the basidia. These 
fungi also have primary and secondary septate mycelia of monokaryotic and dikaryotic hyphae 
respectively. There is also a delay between plasmogamy and karyogamy during sexual 
reproduction. Although club fungi occasionally do produce conidiospores asexually, they 


usually reproduce sexually. 


7.5.4 Life cycle of a mushroom (Agaricus) X 


Life cycle start by the germination of characteristic haploid sexual spores of this fungus; 


called basidiospores. Each basidiospore has the potential to give rise to a new primary — 
om (Agaricus), 


mycelium that consist of monokaryotic hyphae. The mycelium of Mushro 

consists of mass of white, branched, thread like hyphae that occur mostly below ground. A 
hyphae of a primary mycelium encounters another monokaryotic (n) hyphae of a different 
mating type and the two hyphae fuse. However the two haploid nuclei remain separated from ó 


EE m 
v 


each other. In this way 4 secondary mycelium 
with a dikaryotic (n + n) hyphae > produced, jp 
which each cell contains two haploid nuclei. The 
n + n hyphae of the secondary mycelium grow 
and form compact mass, called buttons, along 
Diploic zygote the mycelium. Each button grows into a fruiting 

— S >- body known as mushroom. A mushroom, which 
7.2 Main steps of life cycle ee pusnroom consists of a stalk and a cap, Is Called 


pa ; thin perpendicular plates 
X. lly consists of many 
 basidiocarp. The lower surface of the cap usua . mushroom 
-called gills es radiate from the stalk to the edge of ue spe ve ig = Sin a i 
oon i lei of the di 
st basidia are produced where haploid nuc . ; 
TVA Meiosis an takes place forming four haploid nuclei that move po ine 
"projections forming basidiospore, which are released later. 
of; F 
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FI: 7.28: Lite cyte of a mushroom 
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7.6 IMPORTANCE OF FUNGI 


tel an = ees 
Fungi are useful and also harmful to human beings. Fungi cause economic gains as 


— as, 


se a e o iA eat fungi and grow them to make various chemicals. Fungi cause diseases 
in humans, other animals and plants. Here we will discuss use of fungi, antibiotics obtained 


from fungi, mutualism, edible fungi, ecological role of fungi and pathological role of fungi. 


7.6.1 Ecological impacts of fungi 

Fungi make important contributions to 
the ecological balance of our world. Like 
bacteria, most fungi are saprotrophs, 
decompose and absorb nutrients from 
organic wastes and dead organisms. In this 
way fungi help in maintaining the nutrient 
balance in nature. The organic waste is 
removed from the environment by the activity 
of saprotrophic fungi and bacteria. 


The fungi and bacteria liberate huge 
amounts of CO, in the air by decomposing 
dead bodies of animals aid plants. The 
green plants for the synthesis of organic food 
use this carbon dioxide. Thus fungi help in 
recycling of materials. 

Humus is an important constituent,of 
soil and essential for the proper growth of plants. 
it is formed from the organic waste material 
through the activities of fungi and bacteria. 


-brick/rust-red spores of the fungus. Smut§.are called 


Rusts (Extra reading material) 
Rusts are called so because of numerous rusty 
and orange-yellow coloured disease spots on their 
host surface (mostly stem, leaves), later revealing 


so because of their black, dusty spore masses that 
resemble soot or smut; these spore masses replace 
the grain kernels such as thosewofwheat, corn etc. 


Science, Technology and Society Connections 
e Describe how helpful fungi have been for 
us as sourceof antibiotics and other 
useful chemicals. 
Often the firstchoice eukaryotic organisms for 
protein production is the yeast (Saccharomyces 
cerevisiae)», Yeast cells can take up foreign DNA 
and integrate into their genomes. Yeasts also 
have. plasmids that can be used as gene vectors 
andesometime yeasts are better than bacteria at 
synthesizing and secreting eukaryotic protein. 
Yeast is currently used to produce a number of 
proteins. In some cases the same product, for 
example interferons used in cancer research can 
be made in either yeast or bacteria. In other cases 
such as hepatitis B vaccine, yeast alone is used. 


Some fungi such as lichen also contribute in bioindication of pollution, reduction of 
environmental pollution and ecological succession (development of an ecosytem) 


7.6.2 Economic gains of Fungi 


Fungi are used in food, baking, brewing and medicinal 
industry. Fungi are also being used in genetic research as 


model organisms. 
Fungi as food 


There are some 200 kinds of edible mushrooms e.g., 
Agaricus. Some edible mushrooms are cultivated commercially. 
Morels, and truffles, produce underground fruiting bodies are 
used as food e.g., (Morchella sp.). Aspergilus sp is used to 
produce soya sauce and soya paste from soya bean. 


Use of fungi in baking 
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Fig: 7. 26: Morchella sp. 


a dn making bread Amylase from fungi, which digest starch, can be added to increase the 
: ‘contents. Yeast uses sugars as a source of energy in respiration. Both aerobic and 
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ute srobic respiration result in production of carbon dioxide gas. When making bread, bubbieg 
of the gas are trapped inside the warm dough causing it to rise. 


Use of fungi in brewing ches 
~ Wine production is called brewing. Different species of Saccharomyces (yeast) are use, peac 

in brewing rusts 
O Role 


Use of fungi in genetic research 
Yeasts are used in the biological research especially in genetic research. Researchers 

use Saccharomyces to study molecular genetics of eukaryotes, because its cells are @asyfg whic 

culture and manipulate. Pink mold Neurospora has also been used for genetic research. Yeas Ring 

was the first eukaryotes to be used in genetic engineering. In 1983, a functional artificia infec 

chromosome was made in Saccharomyces cerevisiae. It was also the first eukaryotes whose muc 


genomic sequence was completely studied in 1996. Can 
Po ous fungi (Extra reading Material) 
Edible and poisonous mushrooms can look very lunc 
\much alike and may even belong to the same í 
genus. There is no simple way to tell them apart; 
they must be identified by an expert. Some of the 
most poisonous mushrooms belong to the genus cau 
dell 


‘Amanita. Toxic species of this genus have been 
appropriately called such names as “destroying 
(Amanita virosa) and “death cap” (Amanita 
phalloides). Eating a single mushroom of either 
| species can be fatal. Jack-o-lantern is a poisonous 
‘mushroom. Ingestion of certain species of 
‘mushrooms causes intoxication and hallucinations, 


Amnita Jack-o-lantern 


Science, Technology and Society Connectipns 
e Describe how helpful fungi have been for us as source of antibiotics and other useful chemicals. 

Often the first choice eukaryotictorganisms for protein production is the yeast (Saccharomyces 
cerevisiae). Yeast cells can take up foreign DNA and integrate into their genomes. Yeasts also have 
plasmids that can be used@asygene vectors and sometime yeasts are better than bacteria at 
synthesizing and secreting éukaryotic protein. Yeast is currently used to produce a number of proteins. 
In some cases the same product, for example interferons used in cancer research can be made in 
yeast or bacteria. In other cases such as hepatitis B vaccine, yeast alone is used. 


Use of fungi inmedicinal industry 
ae The first antibiotic discovered was penicillin, made by the mold Penicillium sp. 
Z Cyc porins are obtained from soil fungus is used in organ transplantation for preventing 
"transplant rejection. Griseofulvin obtained from Penicillium sp is used to inhibit fungal growth: 


7.6.3 Economic losses d: 
= Fungi cause many important diseases in plants and also in animals including human 
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_ Role of fungi in plant diseases 
Fungi are responsible for many serious plant diseases, including epidemic di 
ad rapidly and often result in complete crop failure. All plants are ap 
le to some fungal infection. 
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Some important plant diseases caused by ascomycotes are powdery mildews, 
ot, which attack cherries, 


chestnut blight, Dutch elm disease, apple scab, and brown r 
peaches, plums, and apricots. Disease 
rusts that attack various plants for example the cereal crops of corn, whea 


s caused by basidiomycotes include smuts and 
t, oats etc. 


Role of fungi in human diseases 

Some fungi cause superficial infections in 
which only the skin, hair, or nails are infected. 
Ringworm and athlete's foot are examples of fungal 
infection of the skin. Candidiasis is a yeast infection of 
mucous membrane of the mouth or vagina caused by 
Candida sp. 


Histoplasmosis is a serious infection of the 
lungs caused by inhaling spores of a soil fungus. 


Ergotism is caused by purple ergot rye. It 


causes nervous spasm, convulsion, psychotic Fiyphae 


delusion and even gangrene. Fig: 7.27: Ringworm 


Fig: 7.28: Athlete's foot Fig: 7.29 Candida (Candidiasis) 


produce gametes 
90th engulf microscopic animals 
s0th absorb materials across cell wall 
oth fix nitrogen 
wall consists of two over lapping shells in 
eu. diatoms (C) dinoflagellates. (D) brown algae 
algal group is mismatched? 
green algae --- closed relatives of land plants 
dinoflagellates -- two part shell 
brown algae — include the larges seaweed 
(D) diatoms — phytoplankton 
T e feeding stage of a slime mold is called 
A) hyphae B))plasmodium (C), rhizoids (D) mycelium 
Which is found in slime molds but notin fungi? 
(A) non-motile spores (B) amoeboid adult 
(C) zygote formation (D) photosynthesis 
Fungi resemble animals because they are 
Saprotrophs = (B) adtotrophs ((C) heterotrophs (D) heterosporous 
os cell walls contajeepmtin, which is also found in exoskeleton of 


‘molluscs (C) echinoderms (D) chordates 
alternation of generations, multicellular haploid forms 


(B) unicellular haploid form 


ar diploid form (D) 
he following is associated with as 
pores (B) ascospores 

ts form colourful and multi 


multicellular haploid form 


exual reproduction in ngi 
(C) basidiospores e J) condi 
nucleate masses? 


O cellular slime mold 
D)) plasmodial slime mold 


l foie a — 
> 


hat dis h oomycotes from tect? D 
ni is Ri 


methods of asexual reproduction in fungi? 
gi from which antibiotics are obtained. 
ples of edible fungi. 
rences between: 
(a) mutualism and parasitism (b) zooflagellates and cilia 
© A and septate hyphae (d) oogonium and anthem 

= (e) oospore and conidia (f) monokarotic and dikaryotic cell 
f = (g) fungi and plants (h) fungi and animals 

(i) zygomycota and basidiomycota (j) sporangium and ascocarp 

(k) ascus and basidium (I) endomycorrhizae and ectomycorrhizae 
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protists as a diverse group öfeùkaryotes. 
- Explain the salient features of the protists Protozoa and give examples. 
the salient features, of the protists Algae and give examples. 
slain the salient featu Sof the protists Myxomycota and give examples. 
al l Š of the protists Oomycota and give examples. 
tant to humans? 
sMaracteristics that distinguish fungi from other groups? 
yhy fungi are classified in a separate kingdom. ; l 
n club fungi. Draw and explain a diagram of the life cycle of a typical 
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aa 
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e of the unicellular fungi yeast. 
sta lished in mycorrhizae and lichen associations. 


AMONG PLANTS 


mate 
of plants. a 
— all plants, with emphasis on alternation of generation. 
al characteristics of bryophytes. > 
2 of moss. 
aceon of bryophytes. 
| s of bryophytes. 
al characteristics of vascular plants. 
5 of seedless vascular plants with examples,of whisk PE club mosses, horsetails 


8 evolution of leaf in vascular plants. 

e life cycle of ferns. 
je Vascular plants as successful land plants. 
ize the importance of seedless vaseillar plants. 

be the evolution of seed. 
ri be the general characteristicsa@nd@uses of gymnosperms. 
yioSperms and explainahe. difference between monocots and dicots. 

bere ofa flowering plant. 
aa cycig, nstrates an adaptation of angiosperms on land. 
ce añdd Eate its major types. 


E. 
e | 


ps ANY ce/benefits of angiosperms for humans. 
e and reproductive structures of a Pinus and relate these with its life cycle. 


manae OF plant kingdom comprises hundreds of the IS nds 
j vein avery type of habitat, from frozen Arctic aire ba 
: Mg in view the diversity and importance of p 
d pl nh and how they evolved, 
mt pres bo Al sea has 


EVOLUTIONARY ORIGIN OF PLANTS 


the plants were restricted only to aquatic conditions. The migration 
‘nearly 400 million years ago. Many important features of land plants 
ar in a variety of protists, primarily green algae. For example, plants are 

_ eukaryotic, photosynthetic, autotrophs, as are brown, red and certain green 
Plants have cell wall made of cellulose. Likewise green algae, dinoflagellates and 
algae have also cellulose in their cell walls. 


| Chloroplasts with chlorophylls a and b are 
present in plants as well as in green algae, 
= euglenoids and a few dinoflagellates. Biologists have 
identified the freshwater green algae (e.g., Chara, a 
Vi pond organism) as the closest relatives of land 
plants. Both contain a higher percentage of cellulose 
in their cell wall, form phragmoplast during cell 
division, perform photo respiration and have similar 
flagellated sperms. Some sequences of nuclear and 
chloroplast genes are also matching. 
8.1.1 Diagnostic Features of Plants e@ 
> Plants are multicellular eukaryotes with well- 
developed tissue and have autotrophic nutrition. 
Plants are well protected from being dried up in air by (n) 
their cuticle, formed from a waxy.substance called Fig: 8.1: Altemation of a 
cutin. The plant body has roof, stems and leaves 
having vascular tissue xylem,» phloem and cellulose rich cell walls. Plants show 
alternation of generation. It consists of the sporophyte the diploid generation that produces 
d spores by meiosis, Spores develop into a haploid generation. The gametophyte is 


Haploid (n) 


Spore 


the haploid generation) Which produces gametes that unite to form a diploid zygote. The 
F Pansare ooga u$ (see glossary); the gametes are eggs and sperms. 


“278.2 NON-VASCULAR PLANTS 


is are currently divided into two main groups: the nonvascular or bryophytes 
ilar plants or tracheophytes. The nonvascular plants lack vascular tissues. 
do not have true roots, stems, and leaves. Therefore, the nonvascular plants 
ə root like, stem like, and leaf like structures. 


wironme 
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manufacture their own food. They 
phytes. Some of their sporophytes 
thers that are not enclosed; turn 


_ The gametophytes of bryophytes are green and 
> relatively large and prominent as compared to sporo 
“are completely enclosed within gametophyte tissue, © 


brownish or straw coloured at maturity. 
The main features of bryophytes are: 


(1) They lack specialized vascular 


tissues. 

(2) Multicellular sex organs produce 
embryo. 

(3) Sporophytes are always. smaller and 
obtain their food from the 
gametophyte. 

(4) Their life cycles involve alternation of 
generation. 

(5) Bryophytes are also called 
amphibious plants because they 
need water for development, 


Fig: 8.2: Mosses covering several rocks 


existence and reproduction. 


8.2.2 Life Cycle of Moss | 

The moss plants show two generations the sporophyte and the gametophyte, which 
fegularly alternate with each other. It is known as alternation of generation. The life cycle is | 
completed when the plant passes through these two generations. 


The matured green shoot is the gametophyte. It produces gametes and reproduces by 
Sexual method. The sex organ)is at the apex of the shoot. The male sex organ is known as 
antheridium and the female sex organ as archegonium. The sex organs are intermixed with 
‘some multicellular hainlike structures, known as paraphyses. The two sex organs may occur 
on the same plant ie., monoecious or on two separate plants, i.e., dioecious. The 
sporophyte consists of a foot which is embedded in the ti BE i 
Tu A issue of the ga 
i aeporan j l gametophyte and a stalk 
Spores are formed in the sporophyte by meiosis, thus the spores are haploid. The 
ə germinates into aiga like structure called protonema; having bud and branch The 


gives rise to gametophyte. In the 
rchegonium the egg is produced. The ba... Titbits 
e ms swim through the film of | The name moss i 
ay Anis oss is oft | 
Fertilization is internal. The | that are not truly aiba 
and forms the embryo. | Moss is lichen that is a dominant form of 


Vegetation in the Arctic tundra, Spanish moss is 4 


Capsule Sporophyte 
n Rs (Sporangium) 


Stalk 


Sporophyte 
embryo 


Meiosis produces 


4 spores 


Diploid (2N) 


Meiosis 
Haploid (N) 


Archegonium 
` 


Airborne ẹ”* 


spores 2" 


Female ” 


gametophyte Bud 
« ` ` 
- 


— Protonema 


Sperm Cc 


Paraphysis 


x 


Antheridium 


Male 
gametophyte 


Fig: 8.3: Life cycle of moss (Funaria) 


8.2.3 The Land Adaptations of Bryophytes 


The land adaptive characteristics exhibited by nonvascular plants are: 
(1) The Mulficéeliular plant body and conservation of water 


The plant body of liverworts called thallus is 
multicellular consists of hundreds of cells, e.g., 
Marchantia (Mar-kan-shia). Only the cells of the upper 
layer are exposed to the atmosphere. Some cells are 
photosynthetic and some are storage cells. Water cannot 
ate from these inner cells because the upper 
mis has covering of cutin, which is a wax like 
It reduces the evaporation of water in some 


E 


Absorntior of carb or dio» = : = wich open into the air 
carte DP ais. alge eigen © 


c cols of the air chambers. CO2 then 
se ofthe air chambers, Os tan das pon 


Absorption of v yater 
s for at \ of water in moss and liverworts are rhizoids. These a 


ogai a the Marchantia thallus. Rhizoids ih amento s 
re unicellular and are extensions of the cell of the lower e is. Rhizoids 
ace area for absorption of water from the soil and also hare anchorage. 


Cutin 


==.. Svs 


ee E. 


Ss : 8.5: Transverse section of Marchantia thallus 


alg are produced, it is called heterogamy. Sperms anda 
cL ar plants, e.g., Moss, Marchantia etc. The sperms are flage 
f reaching egg. The egg is large and nonmotile. It contains 
us sity bcenlriah the early stages of the developing embryc 
wat r requirement for fertilization they cannot ivoa 


on of reproductive ce ce lis 
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(6) Embryo Formation 


Baa Eaa is inside the archegonium. The zygote divides to form the embryo and is 
re s x e the archegonium. The chances of survival of embryo are increased as it is 
Enis y the wall of the archegonium. Embryo is present in all bryophytes and vascular 
(7) Alternation of Generations 

E mosses and liverworts have a life cycle with al ternating gametophyte and 
sporophyte generations. It increases the chances of survival of the plants on land. 


Archegoniophore —— Antheridiophore 


(b) Disk shaped structures that 
bear antheridia in Marchantia 


Fig. 8.6: (a) Umbrella shaped 
structures that bear archegonia 
in Marchantia 


8.2.4 Importance of Bryophy 
Mosses play an important role in their environment. They hold the soil in place and hel; 
d small mammals 


prevent erosion. They provide food for animals, especially birds an Nai i 
Commercially the most important mosses are the peat mosses. Their leaves s era 
are beneficial as a soil conditioner. When added to sandy soils peat moss heips 


retain moisture. 
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_/8.3 SEEDLESS VASCULAR PLANTS 


: d angi 
Vascular plants include ferns and their allies, gymnosperms, anc angiosperms: 


Va i é e vascular plants have true roots, stems, 
| ea Rl Eien with its strong-walled cells, Supports 
the body of the plant against the pull of gravity. The 
leaves are covered by a waxy cuticle. Leaves have 
stomata. The sporophyte 
dominant in vascular plants. 


small pores called 
generation is diploid and nar 
The vascular plants are widely distributed. 


The seedless vascular plants (ferns and their 
allies) disperse the species by producing windblown 
spores. When the spores germinate, a relatively large 
gametophyte is formed which is independent of the 
sporophyte for its nutrition, In these plants, flagellated 
sperms are released by antheridia and swim in a film of 
external water to.the archegonia, where fertilization 
occurs. 


Erect 
branch 


Because’ the seedless vascular plants are not 
closely related, each type is placed in its own division. 


The .seédiess vascular plants include whisk ferns 
Eme (division Psilotophyta), club mosses (division 
lsycopodophyta), horsetails (division Equisetophyta), 


Fig: 8.7: Rhynia and ferns (division Pteridophyta) 


8.3.1 Psilopsida—Whisk ferns 


WWI The group psilopsida includes the 
simplest known vascular plants known 


Fe as whisk ferns, named for their 
(| resemblance to whiskbrooms. The 
Sporangia Whisk fern lack true roots but bear 


underground stems called rhizomes that 


Scale 


Aerial 
stem 


bear rhizoids. Aerial stems have no 
leaves, they have only tiny scales fork 
repeatedly and carry on photosynthesis. 
Sporangia are present at the tips of the 
branches. Most members of this group 
are extinct. Example of extinct group are 
Rhynia. Psilotum is the most common 
living genus. 
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“are present in higher 
hie have evolved from 


T en (a) ie veined leaves. (b) Many 
veined leaves. 


_ Single veined leaves are small 
and scale like. They have single vascular 
bundle and vein. Therefore they are called 
single or one veined leaves or 
microphyllous leaves e.g., club mosses 
(Lycopodium). Many veined leaves are 
large leaves having prominent blade. As 
many veins and vascular bundles are 
present, so they are called many veined 
leaves or megaphyllous leaves, e.g., 
Ginkgo etc. 


There is no fossil record showing 
the evolution of single veined leaves. 
However two hypotheses have been 


proposed to explain their origin: (a) 
outgrowth hypothesis (b) .teduction 
hypothesis 

According to out-growth 


hypothesis single veined leaf originated 
as simple outgrowth from the naked 
inches wg primitive plant. The 
row o vascular tissues. With 
3 iN size, vascular tissues were 
' the transportation of food, 
and support. Thus vascular 
is extended from main vascular 


Did you know? 


in the seed plants, there is a sapere o- 
gametophyte (male) and megagametophyte Meer. 
The microgametophyte and megagametophyte are 
dependent on the sporophyte, which is fully adapted to a 
dry .epwironment. The mature microgametophyte is the 
pollen grain. The megagametophyte retains the 
megaspores in the megasporangium. This modified 
structure is called ovule. The fertilized egg in the ovule 
becomes embryo, which is retained within the body of 
the sporophyte, and fertilized ovule becomes a seed. 
Seed dispersal occurs by wind and water or by animals 


to a new location. 


Stem 


Vasculat 
tissue 


—» EE —- EE —— 


Unbranched Projection Vascular Leaf with 
stem supply to one vein 
projection 


Fig: 8.9: Evolution of single veined leaf, outgrowth hypothesis 


Fig: 8.10: Evolution of single veined leaf ii pot 
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It is evident from fossil record that many veined leaves have evolved through 


modification of the forked branches found in early vascular plants e.g., Rhy nia. Acco 
i this view the forked branches 


were changed to a single 
plane known as planation. 
The branches became flat. 
The spaces between the 


: bundies and branches of 
Area between . 
branches become vascular tissues became filled 
filed with tissue i ; 
with photesynthetic tissues 
t 


called wébbing. The structure 
resembles superficially to the 
webbed foot of the duck and 
Fig: 8.11: Evolution of many veined leaf thus a many veined leaf 


evolved 


Mosses 

plant body consists of a 

ranching rhizome which sends up 
erial stems less than 30 cm tall 
lightly packed scale like leaves 
cover the stem and branches of the 
plants. The leaves are microphylls, 
having only one strand of vascular 
tissue. In club mosses the sporangia 
are born on terminal clusters of 
leaves called strobili which are club 
shaped. They are only living plants 
to have microphylls. The familiar 


i members of this group belong to 
‘Fig: z 8.12: Club moss, Lycopodium 
r & genera Lycopodium and Selaginella. 


} 


8.3.4 Sphenopsida - Horsetails 


Sphenopsida commonly known as horsetails, are found in waste and wet places all over 


world. Sphenopsida includes more fossil plants than living one. Today there is only one 
viving genus Equisetum. 


i i A rhizome produces aerial stem. The stems are slender, green, hollow structure, and 
joir ed as slender green side branches are present at the nodes. The small and scale 
s also form whorls at the nodes, the nodes are separated by internodes. Many 
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Strobilus 


= Leaves 


— Node 


Rhizome 


7 


Fig: 8.13: Horsetail Equisetum 


Ferns belong to the group pteropsida, “Subgroup OF class filicinae, which are most 
abundant group of seedless vascular plants.inwarm and moist tropical regions. 

Ferns range in size from reduced aquatic forms less than a centimetre, to a tree fern 
that may have trunks more than 24 metres tall, with leaves up to 5 metres or more in length. 
Except few all the ferns are homosporous. Sporophyte generation is much larger, more 
conspicuous, and more complex than the gametophyte. Sporophyte is completely 
independent. Sporangia are foliar, i.e., attached to leaves or fronds. When the frond is young 
and immature, it is coiled. This pattern of development is called circinate vernation. It is an 
important feature of ferns. 


Fig: 8.14: Ferns 
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Science, Technology anc | Society C onnections | 
the formation and importance of peat bogs: E 
m grows in bogy places that are low lying, wet, spongy places paii : 
9. One of the distinctive features of this moss ís a presence orun am 
ntly function to hold water, This feature makes peat moss pa a DE 
ditione ‘added to sandy soils, for example, peat moss helps to hold few ; 3 whee: pee 
as bogs, the dead’ Sphagnum accumulates and do not decay. This accumulate called - 


< 


Peat bog 


3:6 Life Cycle of Fern (Adiantum) | 
fe cycle of Adiantum (Maidenhair fern) cofitains two generations i.e., sporophyte and 
te: Both of these generations are independent. 


Spor phyte generation 
Sporophyte of Adiantum produées vegetative leaves at start. At later stages, fertile” 
so start producing along with, vegetative leaves. Fertile leaves produce sori (singular: 
bn their underside. Sori afe»group of sporangia. These sori are covered with a flap of 
alled fals mare 


-x P a 
Sporangium N 
atu e s Of: ng um is flattened, spherical or ellipsoidal. It consists of a stalk and 
: mM called capsule. Capsule is covered with single layered wall. Wall 


annulus and stomium. Annulus portion contains cells with thick c 


of cell with thin cell walls. This is the site for bursting of spe 
oduced by meiosis of spore mother cells. Many s 0 es g 
wall contains two layers exine and intine. <% 
the wall of sporangia burst. Sporangium be 
Pressure on stomium cells 
urst from this region. 


Rhizos 


Gametophyte (Prothalltis) 


(n) 


used ir he preparation of bouquets. Stems and leaves Q 


e ms. The seeds of gymnosperm are produced expose 
5 that make up cones. The seeds of angiosperms are usually enclosed by a 


rom a flower. 


a travel through water chem 

egonia. Resultant zyg 
yte. Sporophyte remain 
The life cycle of 


fter releasing from antheridi 


Antherozoids fertilize the egg inside arch 


“Embryo starts divisions to form sporoph 
hyte at start but soon it becomes independent. 


' vs hete rc norphic alternation of generation. j & 
sortance of Seedless Vascular Plants $ 
oc ım and Selaginella are chiefly grown as ornamental plants. Ducks and other 
3 feed upon the rhizome of lycopsida sp. | 
rns are mostly ornamental plants of garde 


ns andegreenhouses. Some of them 
ftree ferns are used for building 


genera are edible. Some ferns yield a drug, Which is utilized for removing the 
ular plants have 


les. Practically all the members ofthe seedless vasc 
tensively to coal formation. 


two groups of seed bearing) vascular plants are the gymnosperms and 
d on the surface of the 


by 
ered as a fertilized megasporanguim. It has integument arot 
the seed has passed through the following stages. 


Protective leaf 
integument 


Development of Heteros pory a, -U 
ts are heterosporous ie., produce microspore and megaspore iñ — 
and megasporangia respectively. The megaspore grows into a female 
yte and microspore grows into a male gametophyte. The megaspores of the seed 
e retained inside the sporangium, where the megaspore develops into a tiny female 


E olution of Pollen Tube 

_ The evolutior of pollen tube parallels the evolution of seeds. The egg produced inside 
a n ovule is very well protected in the sporangium. It is so well protected that fl ted sperm 
‘would not have the slightest chance of ever reaching an egg. This obsta e has been 
overcome by the development of pollen tubes. Once the pollen grain, feaches the cone or 
flower, it germinates. The germinated pollen grain is a tiny male gametophyte. It produces a 
long pollen tube, which grows to the ovule and then digests its.way through the protecting 
layers to the enclosed egg. 


Evolution of Integument aroun atigium and Seed 
in carboniferous period fern like plants were present. The sporophyte of these plants 
had little protective branch like outgrowths, surrounding the megasporangium. During evolution 
the outgrowths fused together forming integument, enclosing the megasporangium. 
Megaspore is retained in the megasporangium.’ This modified structure is called an ovule. 
The fertilized ovule evolved into seed because of retention of developing embryo. 
8.4.2 Gymnosperms (naked see plants) =- 
The plant body of gymnosperms may be tall, 
woody, perennial trees or shrubs» The plant body is a 
sporophyte, differentiated into.stem, leaves and root. 
Stem is branched with caption of Cycas, which 
is rarely branched. <“ 
There are. jo types of leaves. The foliage 
s and thé sealer leaves. Foliage leaves may be | Other than these features, the four groups of 
opmpound. The leaves are evergreen with | gymnosperms have little in common. | 
. Venation is simple. The arrangement of h Py 
may be spiral or cyclic. Leaves exhibit xerophytic features like thick and tough vuticle, 
inken in pits, presence of wax on the surface. Xylem consists of tracheids and xyl m 
Vessels and wood fibres are generally absent. Companion cells are é psent i 
. Male and female sporophylls are arranged on strai¢ 
is, ie., produce microspores and megaspores. 
c and gametophytic generation. Pol 
vo matures. 


$ È 
i ji 
A 


la s sh 


© 


There are four groups of 
gymnosperms. Conifers, Cycads, Ginkgo 
and Gnetophytes. In gymnosperms, the 
seeds are not covered. Instead they are 
exposed on the surface of the sporophyll, 
leaves that bear sporangia. Reproductive 
organs are usually borne in the cones on 
which sporophyils are spirally arranged. 


| eo — 
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‘Uses of gymnosperms 
Pine seeds like chilghoza are eaten as dry fruits. E 
. used for the relief of asthma and other respiratory ailments. Coni 
for construction, packing, plywood, board and for making pa 
ornamental plants, a wild cycad, serves as a source of “sago”. 
liquid state and then solidifies to form small granules. Resins, terpen 
obtained from conifers. 


phedrine, a drug from Ephedra jg” 
fers are a source Of soft wood 
per. Cycads are grown ag 
it is pure starch extracted in 
tine, tar and many oils are 


== Se 


Gnetophytes: (a) Ephedra (b) Welwitschia 


P Fig: 8.17: Gymnosperms E 
k ER 


Andi 


rw 


-TN are the flowering plants. Their seeds are enclosed by fruits. The leaves 
g ovules are folded and joined at the margins to form ovaries. The ovary after fertilizatio ’ 
ged into fruit. This is exceptionally a large and successful group of plants which is divide 
laa “os al oad have common characters like, vascular tissues, different 


an alteration of EMANEN in the flowering plants. The sporophyte, a diplo 
n alternates with haploid inconspicuous gametophytic generation. 
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sture which bears anthers and carpels as male an : 
‘The anther when fully developed contains 2 to 4 elongated sacs 
he pollen sacs contain pollen grains. l 
sn the anther is developing, mitotic divisions produces microspore mother cells. 
g meiosis in a diploid mother cell, four haploid microspores are produced. A 
spore divides mitotically into a two celled, pollen grain. A tough wall develops around 
poller grain, which protects the contents of the pollen grain from drying out. Cells on the 

ace of the stigma secrete a sticky nutrient fluid containing sugar and other substances. 


After pollination the pollen grains germinate on the stigma. Each pollen grain produces 
a slender, thin walled pollen tube. The pollen tube grows down, through the tissues of the 
stigma, style and ovary until it reaches the ovule. 


As the pollen tube develops, the two nuclei of the pollensgrain move into it. The two 
nuclei are called generative nucleus and the pollen tube nucleus. Generative nucleus 
divides again to form two somewhat elongated sperms. The tube nucleus is located near the 
tip of the pollen tube with two sperms following behind. The pollen tube, containing tube 
nucleus and the two sperms (male gametes), is the male gametophyte. 


The ovule is an egg shaped structure attached by a stalk, to the inside of the ovary. 
Depending upon the species of the plant involved, an ovary may have one, two, several or 
even thousands of ovules. The ovule has»an opening called micropyle. Megaspore mother 
cell of the ovule undergoes meiosis*to”produce four haploid cells. Only one of these cells 
survives. The surviving cell is called the megaspore which divides by mitosis three times to 
produce eight haploid nuclei, Thi structure is called embryo sac. Wall formation takes place 
and these nuclei are converted into cells. The cells of embryo sac are: antipodal cells, polar 
nuclei, synergids and. egg. The embryo sac having these cells are called female 


lls are three in number and are present at the opposite end of the 
5 ave no function and sooner or later get disorganized. Synergids are two in 
t the micropyler end. These help in fertilization by guiding the pollen tube and as 
eir function is over these get disorganized. Polar nuclei are two in number, placed 
By the time egg has been fertilized, the two polar nuclei have combined to orm a 

icleus. i 

n number and is present between the two synergids. Soon aft tip 
‘the embryo sac, the end of the tube ruptures and r 
first sperm fuses with the egg to form 
an embryonic plant within the 


ormation of seeds j 7 
ne le. After fertilization f 
ne om onic plant within the ovu : 
= . It is Tipid. ie., consists of three sets of 
Stamen: 
Filament 


Anther 


Seeds 
(mature 
ovules) 


f Ovule: j 
i i Megasporangium 


Megasporocyte 
© Mature sporophyte egasp \ 


} Seed: Cross‘Section Wy 
: Endosperm (3n) of anther 
Embryo 

Seed coat 


Cross section of ovary 


Pollen sag 


| Microsporeanother cell 
i j : (Microsporocyte) 


Diploid (2n) ~ hte gument 


Meiosis 


Een) Pollen grain à 
vith oe nuclei (Microspores) fs a 
Microgametophyte 7. * Megaspore 
(pollen grain) Mitosis 


AA Degenerating 
OS™ 5.55," 
enerative 
Tube cell cell © 
— Pollen tube 
i> Spon 


x © o Embryo sac 
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number of chromosomes, as two polar nuclei, and one sperm nucleus fuses to form it. 
Endosperm divides, enlarges and is used as store of food for the young embryo. 


After double fertilization the formation of embryo and endosperm tissue takes place. 
As a result the ovule increases in size. The embryo consists of: (i) one or two 
cotyledons (ii) epicotyl (iii) hypocotyl. Both epicoty! and hypocotyl are the parts of the rod like 
axis attached to the cotyledons. In some plants cotyledons digest and absorb endosperm as 
the ovule is maturing into seed. The ovary wall enlarges and ripens to become the fruit. 


Table 8.1: Differences between dicots and monocots 


Broad, generally bifacial with reticulate | Long narrow, lanceolate)” monoficial with 


venation | parallel venation. . 

Vascular bundle in ring, vascular | Vascular bundles “scattered vascular 

cambium is present which gives cambium ustali} absent so no secondary 

secondary growth growth occurs. 

Primary root is a tap root which Ad veniitioUs roots a arise from the base of 

develops lateral root stem, and give rise to a fibrous root 

2-8 patches of xylem, vascular », system 

cambium present secondary Always more than 8 patches of xylem. 

growth occurs Vascular cambium absent so no secondary 
yrowth 

Embryo has two cotyledons, it has one cotyledon 

Typically tetra or penta-MmEfows calyx Parts usually in three, i.e., trimerous. No 

and corolla usually differ from each distinction between calyx and corolla. 

other. Flowers are,disually insect Flowers are often air pollinated. 

pollinated 

Rose, pea, piiitercup e Lilies, orchids, grasses, wheat, rice. 


MONOCOTS 


vk 


eotyledon 


DICOTS 


Two Vascular bundles Floral parts usually in pe 
cotyledons Veins usually branched arranged in ring multiples of four or five 


Fig a.t9: aioe 
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Ano giosperrr S- Succ een en a $ 
= jul Land , ii tissue is well develop 


Ai ea Wectakie: Leaves are generally d 
nt in absorbing light for photosynthesis. Shedding of leaves. du 
an advantage for survival in harsh environment. Angiosperms 
id some have even returned to water. The reproductive ¢ 
” modified for wind and insects pollination. a 
demonstrates adaptations of angiosperms on land. Fertilization takes 
tube independent of external water. Double fertilization incre; 
. Following fertilization the ovules located in ovaries develop into s 
sformed into a fruit. Fruits provide protection for seeds‘and a me 


B.4.6 Inflore scence A 
wers are borne either single or in clusters. A flower is said t 

y. e.g., shoe flower. 
; borne in clusters along with the stem»and associated whorls constitu 


ace. Depending upon the arrangement of flowers, inflorescence is classified into 
f 


(a) Racemose (b) Cymose (c) Compound " 
lorescence 


o be solitary 


axis terminates in a flower but the 

oug the lateral buds. The flowers are ‘**mose Cymose inflori 
| succession, i.e., the basal flowers are Fig: 8.20: Racemose a 
flowers are older, e.g., Dianthus (pink). Cymose inflorescen 


ence the main axis of the inflorescence branches repeate 
the ultimate branches bear flowers in a racemose or oy 
mose maltas (Cassia fistula), etc. Compound Spike, e. 


ig) nifica nce of An by ies > Humans 


for cooking No pi asn from spose mustard, « ay 
z Spices include cinnamon, (dalchini), cloves, (laung), chil 


rtant beverages obtained from flowering plants. Sugar is obtained from 
“teil roots. Many plants yield fodder for the cattle. Important fodder giving 
seem, senji, etc. 


arge Sather of drugs are obtained from flowering plants. Some ol the drugs are 
alathi, etc. 

tant timber yielding plants are teak, sal, oak and sisso (sheer Commercial 

tained from oak. Many plants provide us fibres for various“uses. Textile fibres are 

d from cotton, rough fibres for making ropes and gunny bags are obtained from flax, 

etc. Jute fibres are used to make ropes, bags, carpets, afd mats etc. The husk of fruits 

aut is used for making coir, brooms and duster etc. Alarge number of flowering plants 


in gardens and houses as ornamental plants!Common among them are roses, 
etc. 
L] 


and Society Connections 
/ plants as a medical treasure. 


éand reproductive structures of Marchantia and Funaria by — 
material 


‘of inflorescence of Cassia, Brassica, Achyranthus, Morus, C 
tiva 


J “MC Os | 


[> o 


IM\ nanta 
>) tf ) 
(lL) petite 
Ves i 
eð 


ly a (© psida (D) annelida 
"i e © psilops i 
MIN r o M ja -j 
(B) pinus (C) moss (D)fem 
y evolved of all the plants on the earth D ) È 
pteridophytes (C) gymnosperms angiospern 


H n 
(8) protonema (C) antherozoids Eoi Spo 


diploid gametophyte 
' (D) haploid gametohyte 
mnosperms are characterised by 
(/ multiflagellate sperms . CB) B) naked seeds 
(Cc) winged seeds (D) seeds inside fruits 
Where a female gametophyte is presentin an angiosperm? 
(A) in the style of a flower B) within an ovule l 
(C) in the stigma of a flower (D) packed into pollen sacs 
Gametophyte generation is dominant in 
{A) pteridophytes (B) gymnosperms 
| (©) bryophytes K (D) angiospersms 


© 


Y 

atures shared by algae and plants? 
et tures shared by the green algae ‘Charophyceans’ and plants? 
the (ah features shared by all plants. 


se of po len tube? 
gymnosperms? 
is the advantage of the seed? 
ribe he three types of inflorescence with examples. 

C ive one example of: Whisk ferns, club mosses, horsetails and eer & 


Wr te the differences between: RAS 
a) gametophyte and sporophyte KSO 


bh 
Q 
k rs mr 
A of 
` 


antheridium and archegonium at” 
monoecious and dioecious Ad 


mosses and liverworts 
= (e) rootsand rhizoids 
(f) homosporous and heterosporous 
(g) angiosperms and gymnosperms 
(h) generative nucleus and pollen tube nucleus 
(i) antipodal cells and synergids 
(j) diploid and triploid 
racemose inflorescence-and cymose inflorescence 


Yescribe the ge eral characteristics of bryophytes. ‘ 

> scribe tt life cycle of moss with diagram. J 

sive Y brief account of: (a) Psilopsida (b) Lycopsida (c) Sphenopsida (d) Pats sida 

1 exa nples. f 

the life cycle of fern (Adiantum) cian 
nnosperms. 
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ompleting this lesson, Rat on aT 
4 


be able to 


eral characteristics of animals. 
als on the base of presence and absence of tissues. 
le the diploblastic and triploblastic levels of organization. 


te pseduocoelomates, acoelomates and coelomates. 
Coelomates into protostomes and deuterostomes. 


e the general characteristics, importance and examples of sponges, cnidarians, 


inths, aschelminths (nematodes), mollusks, annelids, arthropods and echinoderms. 


ibe the Evolutionary adaptations in the coneémed phyla for digestion, gas exchange, 
ort, Excretion, and coordination. 


escribe the characteristics of invertebrate chordates and vertebrates. 
List the diagnostic characteristics of jawless fishes, cartilaginous fishes and bony fishes. 
cribe the general characteristics of amphibians, reptiles, birds and mammals. 


iate among monotremes, Marsupials, and placentals. 


Mibe the evolutionary adapiations in concerned groups for gas exchange, transport and 


derived from Latin word anima meaning breath or soul. All the 


sluded in the kingdom animalia. Now the question arises, what is- 
e an animal? In this chapter we will learn about the animal kinga (e 
neral characteristics of different groups of animals, 
le vean introduction to animal diversity. 


9.1 CHARACTERISTICS « F ANIR 


\ ce 
“ALY b i A L a | 


ini Il types 3 of habitat. They may un free living ib: sessil 
| worms only Seen with a microscope to blue whales 
phs that lack cell walls, oun 


ERIA FOR ANIMAL CLA SSIFICA 


= 2 


TION 


SAI 


criteria for animi 


= Pee 


cO a to the gopher of w into t 
oa. . Parazoa includes the simplest multic cellular anime 


— similar cells are grouped together into a highly coordinated unit called 
re assembled into larger functional unit called organs. Different organs 


ve as organ system. 
ification based upon number of tissue layers 


ae 


mals can be classified according to number of tissue layers as diploblastic and 
animals. The body of diploblastic animals consists of two germ layers of cells, the 
erm and endoderm. Such animals have tissue level of organization. There is a jelly like 
glea, between the two germ layers. There are no specialized organs. A neuron net is 
sent. There is only one cavity called gastrovascular cavity with only one opening. The 
amples are animals of phylum cnidaria. -Arna 


E The body of the triploblastic pei 
n mals consists of three germ layers 


lasi inip 


Endoderm 


r Be sonic development these 
s in most triploblastic animals are 


Ectoderm 
Non-living layer Mesoderm 


cells, raana and organ 
AY Fig. 9.1 Diploblastic and triploblastic level of organization 


\ 


téton based upon type of body symmetry 
fca Toe classified according to body symmetry. The subkingdoms Eumetazoa 
nto i Radiata and grade Bilateria. 


Fig: 9.2: Radial symmetry 


> 
7 


ification based upon type of body cays 
| be grouped according to type of body cavity OF ‘Coelom, a flui 


d- c 


Acoelo m ate 
ere Sno po cavity 
stive tract 

IN fai, so these 
called 

e mesoderm 


_Fige §.4: Acoelomate, pseudocoelomate, and coelomate comparison 

‘the body cavity<develops between the mesoderm and endoderm it is call 

false Cavity). Animals with this type of body cavity are cal 
1s,<€.9., Aschelminthes (nematodes). 


dah be 


Side view 


Top view 
Radial and indeterminate 


Primitive 
a Mouth 


lastop. re —_—_—_—_—$—_$_<_$_$_—_— 


Enterocoelom 


Coelom forms by an out- 
pocketing of primitive gut 


Coelom formation }—- 


ST Fig: 9.5: Protostomes versus deuterostomes T. 


In echinoderms (for example, sea stars and sea urchins) and chordates (the phylum 
that includes the vertebrates), the blastopore does not give rise to the mouth. Instead it 
generally develops into the anus. The opening that develops into the mouth forms later in 
development. These animals are the deuterostomes (“second, the mouth’). 
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Echinodermata 
(Echinoderms) 


acoelomates 


psudocoelomates Organ Level Nemat i 
Organization (Roundworms) 


v LS 


s 
wA 


pa 9.6% Rhylogenetic tree of the animal kingdom J 


4.8 S 
— are divefse’in structure. There is the vast differences in structural complexity of 
teranging ay the simplest sponges to humans. 


4 Inve n 

species that lack a backbone are commonly known as invertebrat 
s account for 95% of known animal species. The invertebrates have been divi 
or phyla: porifera, cnidaria, platyhelminthes, aschelminthes, mollusca, an slida i! 


Be dsmata. 
1 OR FERA (pore bearer) 


of phylum porifera: Sponges are sessile, attached & | 
he ae are motile. Sponges are all aquatic, mostly m rir a 
ge in size from a few millimetre wide to more than a metre I 


baz 
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9 Diversity Among Animals 
Body is multicellular and not organized as tissue or organs. Body lacks symmetry. The 
sponges consist of outer dermal layer called pinacoderm, and inner layer choanoderm made 
of flagellated cells called choanocytes. The middle region is called mesenchyme. Body is 
~ perforated by many pores called ostia. There is a single cavity inside the body called 
spongocoel. Water enters through ostia travels through the canal and goes out by a large 
! main opening called osculum. Sponges depend on food coming along with water currents. 
Various shapes of spicules form the skeleton. These are needle like and may be calcarious or 
siliceous. The bath sponge has spongin fibre. 


Water out 

tin Š 
Osculum Centr al ponge 
cavity wall 


Water in 
through l Amoeboid 
pores : cell 


(ostia) Pore 
(ostium) 


Epidermal 
cel 


- Spicule 
Pinacoderm 


Spengo- 
coel 


Flagellum 


Collar cell 
(choanocyte) 


Sponge Organization 


Fig: 9.7: Generalized sponge anatomy ij 
; Asexual reproduction takes place by budding or gemmules. Buds develop into new 
sponges. Sexual feproduction takes place by egg and sperm. Sexes may be separate Of 
hermaphrodite, The embryo development includes free swimming ciliated larval stages. 
f 


Sponges have remarkable ability of 
regeneration from a small fragment. 
Sponges have evolved from the protists 
called choanoflagellates. The examples of 
Sponges are: Spongilla Sycon, etc. 


in sponges: 
tely intracellular 
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jaseoL C4 (a) Ereid It takes plac 
en (5) Nervous system: A sponge lacks nervo 
m to coordinate the flow of water. Sponges seem ton 


n. 
> > of sponges: Skeleton of sponges are used for washing ani 


| capacity to absorb water. They are used in surgical ope atio 
lood. Sponges are used for sound absorption in buildings. 


r % 


ral ee of phylum cnidaria: Cnidarians are entirely aquatic, ma 
ew found in freshwater, e.g., Hydra. Most of the species are sessile, e.g., Hyd 
ers are free living and motile e.g., Jelly fish. Some are colonial’e.g., Obelia. 


They range in size from microscopic (Hydra) to two metres in length (jelly fish). Bod 

S ara symmetry. Cnidarians are diploblastic animals having ectoderm, endoda ai an 

ea in between the two. They have a sac like internal gastrovascular cavity, whic 

= one opening the mouth. The mouth is often,surrounded by tentacles. Tentacles ap 
iy is provided with stinging cell organelles called nematocysts. 


-e — Asexual reproduction takes place p 
|) The name Cnidaria has been given to this group | budding and sexual reproduction by gam 

| iv Gus to presence of special cells called) Cyigarians also occur in the form of colonies. Th 

tes. These cells give rise to nematocyst its of th h M 

ging cells characteristic of this group. units o t e colonies are called zooids. The pa 

two main types of zooids. Polyps which ar 

feeding zooids and Medusae are reproductiv 

zooids, for sexual reproduction. 


Evolutionary adaptations in cnidarians: 


(1) Digestion: Gastrovascular cavity is c 
branched or divided with septa with as 
opening. (2) Transportation and e cr , 
Takes place through diffusion (3) Respit 
and Excretion: There is no 

excretory system (4) Nervous sys fem: A 
system consists of nerve net and some 


Fig: 9.9: Hydra 


Feeding polyp 


Gastrovascular © 
cavity 


Fig: 9.10: Obelia 


Coral Reefs 
(Extra reading materia!) 


Corals are cnidarians. It is 
made of CaCO;. The ectodermal 
cells of the corals take lime from 
the sea water and form their 
exoskeleton. These exoskeleton 
form coral reefs and even island. 
Coral reefs are found in the coastal 
water of Florida, West Indies, East 
coast of Africa, Australia and 
Island of Coral Sea. 


aes | 


in <tra reading material) 
Coelenterat@. animals may show a number of zooids. They are of 
different, forms. They take up different functions. This is 
called’polymorphism. Polymorphism denotes division of labour among 
the zooids of the individual. A polymorphic colony contains many 
individuals called zooids. They are mainly two types: (1) Medusae 
(2) Polyps. Polyp is sedentary. It shows mouth and tentacles at the 
free end. The medusa is free swarming. It is represented by polyp 
form. It performs all functions. Obelia like animals Show two forms, 
polyp nutritive zooid and medusa reproductive zooid, This is 
called dimorphic organism. In a colony of Obelia three types of zooids 
are present: (1) Hydranth (a Polyp stage), (2) Blastostyle (asexually, 
reproducing zooid). (3) Medusae are present. 


3. PHYLUM PLATYH ELMINTHES (flatworms) 


General characteristics of phylum platyhelminthes: The flatworms are free living, 
e.g., Planaria, or parasite, e.g., Tapeworm. They are found in freshwater, marine, animal gut, 
liver. Body is soft and flattened dorsiventrally. Platyhelminthes are triploblastic and exhibits a 


are present in some flatworms. Free living forms are motile. They move 
underside of the animals, e.g., Planaria. In parasitic forms mows 
on takes places both by asexual and sexual means. Asexual repr 


bilateral symmetry. Coelom is absent, and the spaces are filled with mesenchyme tissue. 


Fan 
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, with well-developed gonads, ducts and 
Sor organs. The fertilization is internal. 
_ of flatworms are: Dugesia 
jaria), Fasciola (liver fluke), Taenia 


Evolutionary adaptations in Platyhelminthes: 


= he reproductive system is complex, 


Pharynx extended 
through mouth 


Eyespots Planaria 


(1) Digestion: Digestive system is incomplete 
ie., gastrovascular type, having only one 
opening to the exterior, the mouth. 


Liver fluke 


(2) Respiration: Respiratory system is absent. 
(3) Transport: Transport system is absent. 


(4) Excretion: Excretory system consists of two 
lateral canals with branches bearing flame 
cells (protonephridia). 


Scolex attached to 
Sucker intestinal wall 


(5) Nervous system: Nervous system consists of 
a pair of anterior ganglia with longitudinal nerve 
cord. 


_ Importance of platyhelminthes: The parasitic 
forms of flukes and tapeworms are very harmful 

‘for man, e.g., tapeworm, liver fluke, the blood 
fluke of cattle etc. 


A PHYLUM ASCHELMINTHES (roundworms) / NEMATODA 


General characteristics of phylum aschelminthes: The roundworms are free living 
Or parasites, and live in soil, roots, human and animal intestine and muscles. Most 
roundworms are less than five cm long and many are microscopic but some parasitic 
roundworm are more than one metre in length. 


rms exhibit bilateral symmetry, having three germ layers. Body is cylindrical, | 
g at both ends. Muscular layer is not continuous. It is divided into four longitudinal 
ts: two - dorsolateral, two - ventrolateral. The body cavity is pseudocoelom. Most 
jes are dioecious. Fertilization is internal. f 


ir | adaptations in~ aschelminthes: (1) Digestion: Digestive system is complet ete 
‘<i t is a straight tube >with mouth and anus at opposite ends of the pody 

Respiratory organs are absent. (3) Transport: Circulatory organs are absi 

tory nals and protonephridia. (5) Nervous $ 


and gangliaaround the pharynx with longitudinal ne 
rse nerves. 


Tapeworm 


Fig: 9.11: Flatworms 


A 
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Importance of aschelminthes: Ascaris lumbricoides is an intestinal parasite of man. 
Pinworms (Enterobius vermicularis) are parasites in the human caecum, colon and appendix 


| causing insomnia and loss of appetite. 


Pinworms Enterobius vermicularis (Female) Ascaris 
Fig: 9.12: Nematodes 
(soft bodied animals) 

General characteristics of phylum mollusea: They are free living or sessile, and live 
in freshwater, marine and land (in moist places)The molluscs exhibit bilateral symmetry, are 
triploblastic, coelomate, soft and unsegmenied animals. Body is divided into; head ventral 
muscular foot dorsal visceral region. The whole animal is covered in an envelope called 
mantle. It secretes the shell. The shell) may be external (snail), internal (cuttle fish) or even 
absent (octopus). Mouth cavity may have a tongue like structure called radula, e.g., Cuttle 
fish, snail. Coelom is divided into“sinuses. Sexes may be separate, e.g., Unio or united, e.g., 
Helix. The development takes place through trochophore larvae. 

The examples ofmolluscs are snail, slug, Oyster, freshwater mussel and Octopus etc. 


Snail Freshwater Mussel 


Fig. 9.13: Molluscs 


in, nolluse: Is comp 
adul EnD ually emptying into mantle cavity.(2) Respiration: n 
place by gills, lungs mantle or body surface.(3) Transport: Open c 
aa y } 


Ý heart and blood vessels. (4) Excretion: There are one ort 
h open into the pericardial cavity.(5) Nervous system: The nery 


. of pai ed cerebral, pleural, pedal and visceral ganglia with nerve cord, 


onomic importance of molluscs: Shell of freshwater mussels are used in by to 
ry. Shells are also used for making ornaments. Some oysters make valuable pearig 
a er. Clams, oyster, mussels are source of food in Far Eap Europe, d 
$ are injurious in garden and cultivation. Toredo a shipworm da ages 
ts in ships. 


-UM ANNELIDA (segmented worms) 
General characteristics of phylum annelida: The annelids are called segmented 
They are free living (Earthworm) or ectoparasite (Ieech). They are found in saik 

4 and marine e.g., Nereis. Body is metamerically segmented. Coelom is a t 


Clitellim 
Prostomium 


Pheritima (Earthworm) 


Nereis 


Fig: 9.14: Annelids 


rated into compartments. The coelomic fluid of the adjacent che 

mic fluid serves as a hydrostatic skeleton also. The body wall conta 
igitudinal muscles which help in locomotion. The organs of locomotion ‘ 
ae or setae. Parapodia is present in the body wall of Nereis. The comi 
ction is sexual. Most of the annelids are hermaphrodite e.g., earthw 
are ‘separate in some annelids, e.g., Nereis. Fertilization is ex 

‘ct through trochophore larvae. Regeneration is 
Nereis, Pheritima (Earthworm), Hirua 


A Ue 4 


On. Digestive sys 


gan (3) | 
Mas r rs ‘the animal 


‘bac (4) Si Maa Excretion takes is 
@ are ciliated organs present in | and annelids hain a commo 


(5) | dus system: Central nervous | origin, as both have appendages, 
sent, which extentis throughout the body. s aogmentod Olt ee ae 


N 


mic importance of annelids: 
. Porm an important food item for many 
“ish, Earthworms help in soil improvement. 


s an ectoparsite to ma 
| p n and cattle. insect suébes8? The body plan is 


= 
7. PHYLUM ARTHROPOD A (animals with jointed legs) modified ‘and specialized in so 


K mañyWays that insects have been 
f General characteristics of phylum arthropoda: | able to adapt to a number of life 


The arthropods are called joint footed animals. They are@|‘Styles. They have ability to fly. 
free living or parasites and are found in all types of habitat.) Protective mechanisms include: 
"The body is segmented. Some are worm like and others are — < caiman 2 T est 
in , r i Jai protective colou 
flying insects. Segments are modified, specialized and aggressive behaviour. The larvae 

j fused. Symmetry is bilateral; head, thorax and abdomen | and pupae do not have to compete 
Variously distinct or fused. Body is covered by‘chitin. It is | with adults for food or habitats. 
flexible at many places to allow articulation. 

E There are several pairs of appendages. Coelom is not present as the main body cavity. 

Wt is reduced and is called haemocoel, because it is connected with the blood vascular 


-syste 1. Alimentary canal has twd'openings, the mouth and anus. 
l Skeleton is exoskeleton) formed chiefly of chitin. Muscles are attached to exoskeleton 
pe iocomation. pres are ‘Separate in arthropods. The male and female arthropods are often 
unl iv Ki organs and ducts are paired. The testes produce sperms and ovaries 
il is mostly internal. Development takes place through 


O 


E Evolutionary adaptations in arthropods: (1) Digestion: Digestive n comp 

mouthparts modified from appendages and adapted for different methods feodi 
N Respiration: In insects respiratory system consists of air tubes called rts pran 
‘ the openings of the main tubes to the exterior. Arthropods have a variety O on ory orga | 
Aquatic forms have gills. Terrestrial forms have book lungs (e.g. spiders) or pet ubes calle 
trachea. (3) Transport: Circulatory system consists of dorsal contractile heart ( Sii Sinuse 
(4) Excretion: in insects the excretory organs are called Malpighian tubu ies: and th 
nitrogenous wastes are excreted in the form of solid uric acid. (5) Nervous system: Ne 


ganglion in each segment from which nerves arise 
Economic importance of arthropods: Lobsters, crayfish and prawns are eaten, Some 
cuStaceans act as intermediate hosts for human parasites, e.g., Cyclops carry larvae ofa 
l nematode, the Guinea worm. Honey and bee's wax are produced by the honeybee and silk i 
siiKworms. Insects aid in the production of fruits, seeds and vegetables by pollinating the | 
flowers. Fruit fly (Drosophila), cockroach, grasshopper are abundantly used as laboratory | 
animals for scientific learning and research. Insects destroy field crops, fruit trees and timber 


plants. They spread diseases among human beings. Bees and Wasps sting, mosquitoes, licen 


and fleas bite and suck blood Scorpions and a few spiders arépoisonous and sting 
8. PHYLUM ECHINODERMATA (Spiny skinned animal 

General characteristics of phylum echinodermata: They are free living; some are 
attached to the substratum. The echinoderms are excl sly marine. Most are found at the 
bottom along the shorelines in shallow seas 

Body is covered by delicate epidermis» The echinoderms are triploDiastic coelomates 
eng exhibit radial symmetry in adult. Echindderms have an endosk eleton consisting of a spine 
bearing calcium rich plates. The SPIAGS» Which stick out through the delicate skin, account for 
their name. The mouth is on the.oral’side and anus is ¢ the aboral side. There is a central 
disc from which arms radiate. The body n ay be tattened like biscuit, (cake urchin), star 
Shaped with short arm (starfish) globular (sea urchin). star snaped with long arms (brittle star) 


= i i 
Of elongated (sea cucumber): Coelom consists of canals and spaces, and one of which forms 
water vascular system (see glossary) Organs of locomotion are the tube feet. These are 
present along the edges of grooves present in the arms 


The sexes are separate. The fertilization is external. 
The larvae such as bipinnaria and brachiolaria are EE Science Titbits 


complex and exhibit bilateral symmetry, autotomy and Echinoderms show close 
resemblance with chordates. Bothi 


regeneration. The regeneration is shown by the adult and 
larval stages. The examples are starfish, sea cucumber, 
sea lily, brittle star and sea urchin. similar early development. That is 

Evolutionary adaptations in echinoderms: (1) 
Digestion: Digestive system is usually complete, axial or 


(1) have mesodermal skeleton. (2) 


closest to phylum chordata. 


are deuterostomous, (3) have 


why echinoderms have been placed 


y Among Animals 
anus is absent in\ophiuroids: (2) Respiration: Respiration is performed by dermal 
ae, tube feet, respire ory trée e.g., sea cucumber and bursae e.g., spiny brittle star. (3) 
Transport: Blood vascular system is much reduced. (4) Excretion: Excretory organs are 
P psent. (5) Nervous system: ‘Nervous system includes a circumoral nerve rig and radial 
nerve-cords. There is.no brain. 

Economic importance of echinoderms: Many echinoderms are used as food. Dried 
skeleton of echinoderms are used as fertilizer because of their high percentage of calcium and 
nitrogen. Starfishes act as scavengers and thus clean seawater. They cause damage to oyster 
beds. The stinging sea urchins are poisonous. 


Radial canal, 
\ 


\ Madreporite 


~ Tube foot 


| Stone canal 


Sea urchin (spines removed) 


Cake urchin 


Sea cucumber Brittle star 


Fig: 9.16 (b): Echinoderms 
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9. PHYLUM HEMICHORDATA (acorn worm) both phyla balsam 
a They show characteristics of both echinoderms and chordates and both phyla Delongig 
kingdom. Hemichordates are also called 


l ; la 4 
prochordates because of their close relationship to chordates. Examples Ba Noglossys i, 


Saccoglossus. 


7 the group deuterostome branch of animal 


Proboscis 


Fig: 9.17: Saccoglossus and Balanoglossus 


General characteristics of phylum hemichordata: The hemichordates are called 
acom worms. All hemichordates are marine. Some are solitary, naked and slow moving, 
Others are sedentary. Body is soft and unsegmented and has a worm like form. Body has 
three distinct regions: proboscis, collar and. trunk 

Symmetry is bilateral and hemichordates are triploblastic. Body cavity is a true 
coelom. Excretory system comprises ofa glomerulus situated in the proboscis and connected 


With Blood vessels. There are no, hephridia. Sexes may be separat 
extemal. Development may include free swimming larval stage 


or united. Fertilization is 


D 
gr, 


Evolutionary adaptations^in hemichordates: (1) Respiration: It occurs by gill slits 
connecting the pharynx with outside as in chordates. (2) Circulatory system: It includes 4 
dorsal heart and two longitudinal vessels, a dorsal and a ventral. interconnected by small 
lateral vessels. Blood is colourless and without corpuscles. (3) Nervous system: It is diffused, 
consisting of an epidermal plexus of nerve cells and nerve fibres. : 
10. PHYLUM CHORDATA 


The representatives of the phylum chordata called the chord 
adaptable and successful and the most widely distributed anim 
habitat and habits. 

Characteristics of Chordates 
_ All the chordates possess four basic characteristics. whi 
DOW Nervous system (c) gill slits (d) post anal tail. 


- Notocho o á rd: The notochord is a solid unjointed rod located in the mid-dorsal lin 
veen the gut and the central nervous system outside the coelom. The notochord serves i 


ates, are the most familiati 
als, showing diversity of fom 


ch are: (a) notochord (b) de sal 
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entral nervous system of 
es consists of a single, 


r 1, sit ated along the mid dorsal line 
the notochord and outside the 


r Gill Slits: The gill slits (pharyngeal 
a: puches) are paired perforations on the 
lateral sides of the anterior part of the 
body, leading from the pharynx to exterior. 


Post anal tail: It extends beyond 
fad yg nt at least in embryo; Figg 9018: Main features of the chordates, as shown in a 


fegresses (passage back, reversion) into generalized embryo 

tail bone in humans. 

Classification of Cho IX 

a The phylum chordata has been subdivided into two groups: (a) Protochordata 


(Acrania) in which brain is not.énclosed in bony case (b) Craniata in which brain is enclosed 
_ ina bony case and notochord has been replaced by vertebral column. 


Protochordata (Ac ani 
schordatashas been divided into two sub-phyla: (i) Subphylum urochorda, 


lochordata. 


Se N l RN oe. Excurrent 
i. Su Dp hyluñ Irochordata siphon 
fhe body is covered by a covering called tunic 
d tunicates. On the outside are two 
ne rrent siphon which corresponds 
nd of the body and excurrent siphon 
orsal side. Larva has a mid-dorsal 
, in the tail, so the 
The notochord 


> . 
(a) Group 


% 


Class s 
Osteichthyes Amphibia Reptilia’ 


l lum Cephalochordata 
ody is fish like. It has no head but tail is 


Notochord 


3 characteristics that give the member 
yp the names.“vertebrata” and 
Of vertebrae, which 


| ubphylum vertebrata is 
classes: 


BA 
Wy 
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nat a tons in super class agnatha: Buccal funnel and toothed tongue form 
e for blood sucking in absence of jaws. There are five to sixteen gills for respiration in 
Myxini and seven pairs of gils each with external gill opening in class 
alospidomorphi. Dorsal nerve cord with differentiated brain. 

Seven pairs of ; i 

gill apertures Eye Single nostril 
No paired appendages 


External gill 
openuns Pores of 


Mouth surrounded 
slime sacs 


by barbels 


Caudal fin 


Fig. 9.24: (a) Sea lamprey Petromyzon marinus (b):The Atlantic hagfish Myxine glutinosa 


Jaws Evolve 


“gnathostomates have jaws. The tooth bearing bones of the head. Jaws are believed to have 
from the first pair of gill arches of agnathans: 


b. SUPER CLASS GNATHOSTOMATA 

it is divided into six classes: Chohdrichthyes, Osteichthyes, Amphibia, Reptilia, Aves 
and Mammalia. 
a2) CLASS CHONDRICHEHYES (Cartilaginous fishes) 
l General characteristics of class chondrichthyes: Body is laterally compressed and 
spindle (fusiform) shaped.Mouth is ventral. Olfactory sacs are not connected to mouth cavity. 


Skin is tough and covered with minute placoid scale. The pectoral and pelvic fins are 
paired. There are two dorsal fins. The caudal fin is heterocercal (see glossary). Endoskeleton 
is entirely cartilaginous. Digestive tract leads into the cloaca. Stomach is J shaped. The 
circulatory 3m consists of two-chambered heart. There is one atrium and one ventricle. 
“Seal are pairs of aortic arches. Respiratory system includes 5-7 pairs of gills, without 
erculum. Swim bladder is absent. Sexes are separate. Gonads are paired. Fertilization is 
l. Most forms are oviparous or viviparous. It includes the sharks, dogfishes, rays, skates 

aeras. , 


adaptations in class chondrichthyes: 
body, slippery skin, presence of scales on 
i i Se mouth is suited for 


of the sea. Internal 
1 of th Ci in 


External 
gill openings S| Pectoral fin 
Dogfish Shark 


Eagle ray 


Fig. 9.22: Chondrichthyes 
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-General characteristics of class osteichthyes: Body is usually spindle-shaped ar 
d for active movement through water. Endoskeleton is partly or wholly bony. Vertebrae 

is. Pelvic girdle ggn absent. Notochord persists in a greatly reduced form. 
ermis. Both median and 


ontains dermal scales embedded in the d 
Vigand pectoral fins are paired while dorsal fin is single. The cauda 
ssary). Mouth is usually terminal, i.e., anterior end often bears nun 


| developed. Anus is present and cloaca is absent. The four pair 
bony arch. They are covered by operculum. Spiracles are mostly la 
ually present with or without connection with the pharynx. Swim bl: 
teart is two chambered, having only one atrium and one eni 
. Red blood cells are oval and nucleated. Brain has 
lads are paired. Fertilization is generally ext 


a i Ba 


> 
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Dorsal fin 


Scales Caudal fin 


Operculum fF- Anal fin 


Pectoral fin 
-Pelvic fin 


Fig: 9.23: Labeo ronita 


/ Fig: 9.24: Sea horse Fig: 9.25: Lobe-finned fish, Latimeria, is a living Fossil. 


All the animals which are called tetrapods have tour limbs The lobe-finned fishes of the Devonian period are 
ancestral to the @mphibians, the first tetra; ids. Animals that live on land use limbs to support the body, 
especially since air is less buoyant than wate! cobed-finned fishes and early amphibians also had lungs and 
internal nares as means to respire air 


J. C L AS S 


General characteristics of class amphibia: Body varies 
considerably in forms, is divisible only into head and trunk. Most 
have two pairs of pentadactyl limbs with 4-5 or fewer digits. Some 
are without legs, e.g., Caecilians. Webbed feet often present, e.g., 

ogs. Skin is often smooth, moist and rich in glands. It is highly 
cular. Scales are generally absent. In some glands are 
hromatophore pigment cells are present in the skin. ; 


What limits the ability of 
amphibians to occupy the 
full range of terrestrial 
habitats and allows other 
terrestrial vertebrates to 
live in them successfully? 


is three chambered with respect to atria and ventricle. Sinus venosus, truncus arteriog, 
are present. Double circulation takes place through the heart. Sexes are separate. Gonads ar 
paired. Fertilization may be external or internal. Most forms are oviparous. 
Development takes place through metamorphosis. Amphibians are anamniot 
(without amnion). Body temperature is variable, i.e., poikilothermic (ectotherms) and 
forms undergo hibernation in winter. The examples of amphibians are frogs, 
salamanders, caecilian, mud puppy etc. 
Evolutionary adaptations in class amphibia: Limbs for movement on solid substratum 
Lungs for breathing air. Internal nares to make breathing possible by keeping,mouth closed: 
Slimy skin for protection against desiccation. Changed in circulatory system to providg” 
respiration by lungs and skin. There is reduction in bones to make the body lighter. 


Longtail Salamander Common Mud Puppy (Necturus) 


Fig: 9.26: Amphibians 


Transition from Aquatic to Land Habitat 
Amphibians are on the borderline between aquatic and true terrestrial animals. The animals li 
condition or in water. So the amphibians are not a successful group owing to their dependen 

as habitat, reproduction and development. | 


CLASS REPTILIA 


General characteristics of class reptilia: There are two pairs of pentadactyl limbs, 
each typically with five digits. Skin is rough, cornified and dry, which is adapted to land life. 
Heart is incompletely four chambered, having two atria and partly divided ventricle. Crocodiles 
have completely four chambered heart. Reptiles are cold blooded animals, i.e., piokilothermic 
(ectotherms) and hibernate in winter. Sexes are separate. Gonads are paired. Fertilization is 
internal. Most forms are oviparous. Eggs are large, amniotic and have large yolk eggs. Eggs 
are enclosed by leathery or limy shell for protection. Embryo is protected by three embryonic 
membranes known as amnion, allantois and chorion. The examples of reptiles are tortoise, 
lizard, snake, crocodile and alligator etc. 


4. 


Evolutionary adaptations in class reptilia: Reptiles show the advancement over the 
amphibians in having: 


(a) A dry skin which enables them to live away from water. 

(b) Separation of oxygenated and deoxygenated blood in the heart. 
(c) A neck movable independent of the body. 

(d) Better mechanism of breathing. 

(e) Fertilization is internal. 

(f) Egg with shell for protection on land. 


Tortoise 
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es is streamlined and is boat 
long and tail very short, 
form wings. The hind 
h foot usually 


ristics of class aves: Body of ave 
ees a sible into a head, neck, a trunk and a tail. Neck pyar 
TI pairs of pentadactyl limbs. The forelimbs are modified o ih 
limbs large, strong and adapted for perching, walking or swimming. epidermal horny 
“toes armed with horny claws. The skin is covered by an oP os Skala k 
eleton of feathers all over the body and scales on the feet. Due to air a Mes on 
Skull has large sockets. Jaws extend into horny beak. Teeth are abse da to the FAA 
red, having two atria and two ventricles. There is only right aorta. It cu vaka : 
then bends backward. Birds are endothermic. Respiration takes place only Dy. tungs. 


oe sy Í 
Kiwi Penguin 


I aini 


Parrot 


Fig: 9.28: Birds 


The Amniote Egg Evc 
p _It is adaptive for land animals to have a means of reproduction that is not dependent on external | 
Reptiles practice internal fertilization and lay eggs that are protected by a shell. The amniote egg 


wic Membrane, which protect the embryo. One of the membranes, the amnion, is @ | 


with fluid and provides a “private pond” within which the embryo develops. Reptiles, b ds 
are called amniotes 


$ 


te 


~ has mammary glands and they f 


| al 
ii 


= system). Monotremes are found in 


ws A system of thin walled air sacs lying among the viscera maintains the supply of fresh 
air through the lungs. Voice box the syrinx lies at the junction of the trachea and bronchi. 
Alimentary canal has muscular structure called gizzard, which is used for crushing food. 
excretory system consists of a pair of kidneys. The ureters open into the cloaca and the 
urinary bladder is absent. The urine is semisolid and uric acid is main nitrogenous waste. 
Sexes are separate. Fertilization is internal. Eggs are large with much yolk. Only one ovary 
and oviduct is functional. Some birds have secondarily lost the power of flight and are called 
running birds, e.g., ostrich, kiwi, etc. 

Evolutionary adaptations in class aves: An insulated covering over the body is present. 
Better aeration of blood in the lungs, taking place during both inspiration and expiration. 
Complete separation of venous and arterial blood in the heart. A regulated, body temperature 
keeps the aves equally active all the year round. Patterns of behavioug; stich as care for the 
young ones, nest building, courtship and affection for the mate and migration, which are 
practically unknown in reptiles. 


6. CLASS - MAMMALIA 


General characteristics of class mammalia:)Body is variously shaped and 
divisible into a head, a neck, a trunk and a tail. There are two pairs of pentadacty! iimbs. 
These are variously adapted for walking, running) burrowing and swimming or flying. Skin 
is glandular, mostly covered by hair. Coelomis completely divided into anterior smaller 
thoracic cavity and posterior larger cavity¢bya muscular partition the diaphragm, which is 
present only in the mammals. Endoskeleton is fully ossified. Skull has two occipital 
condyles, large cranium. Externalsear or pinna is present. There is a chain of three 
bones in the ear incus, malleus and stapes. Mammals have deciduous and permanent 
teeth. Heart is four chamberéd.»Only left aortic arch is present. Red blood cells are non- 
nucleated. Mammals are warm blooded (endothermic) animals. Voice apparatus is well 
developed, and consists of larynx and epiglottis. Mammals give birth to their young 
ones. Mammals feed them on milk produced by mammary glands of mother. 

Mammals:are'classified into three subclasses: (1) Prototheria-Egg laying mammals. 


(2) Metatheria-Pouched mammals. (3) Eutheria-Placental mammals. 


SUB-CUASS PROTOTHERIA - The Monotremes 

The subclass Prototheria is a connecting link between reptiles and mammals and 
provides evidence of evolution and origin of mammals from reptiles. Certain members of this 
sub-class are adapted for aquatic life, e.g. Duck bill platypus, which has a bill similar to that of 
a duck and has webbed toes. The mammalian feature of the monotremes is that the female 
eed their youngs. The reptilian features include the presence 


and cloacal opening (instead of separate opening for digestive and wpe 


of f. cioa ss 
Australia. The examples of monotremes are Hu 


s and Echidna-spiny ant eater. 
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Duckbill Platypus Spiny Ant Eater 
Fig: 9.29: The Monotremes 


SUB CLASS METATHERIA 


The females have an 
abdominal pouch the marsupium, 
where they rear their young. The 
young one’s when borne are 
immature. The nipples are in the 
pouch. The mother feeds the young 
ones and carries them in the pouch 
till they are matured enough. The 
Marsupials are found in Australia and 
America. The examples of 
marsupials are: opossum, kangaroo 
and Koala. Fig: 9.30: The Marsupials 


Kangaroo Koala 


SUB-CLASS EUTHERIA— The | 


Development of young one takes place inside the body of the mother. The young's are 
borne fully developed. Developing placental mammals are dependent on placenta (an organ 
of exchange between maternal blood and fetal blood.) So these mammals are called 
placental mammals. Nutrients are supplied to the growing offspring, and wastes are passed | 
to the mother for excretion. The young ones are born at a relatively advanced stage of 
development. 

All the placental mammals have maximum mammalian characteristics. In some hair 
have been modified into scales in pangolin, and spines in porcupine. Examples of the 
placentalis are man, whale, elephant, horse, rat, mice, bat, dolphin, cat, tiger, lion, monkey, 
gorilla etc. 


A Evolutionary adaptations in class mammalia: A regulated body temperature. This makes 
_ them independent of environmental change, keeping active throughout the year. Complete 
Separation of venous and arterial blood in the heart. More efficient mechanism of respiration 
ue to the presence of a diaphragm. An active life and a high rate of metabolism. 
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Fig: 9.31: The Placentalis 


A separate respiratory passage that avoids interference in breathing during feeding. 
Better developed senses of smell, sight and hearing. A more highly developed nervous 
| Systom. Large cerebrum and cerebellum provide for better coordination in all activities and for 

‘earning and retentive memory. Patterns of behaviour, such as care and nursing of the young 
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K Select the correct answer 
(i) All animals are 


(A)autotrophs (B)heterotrophs (C) unicellular (D) motile 
(ii) = Which of the following is not included in grade bilateria 
ers (B) nematodes (C) annelids (D) molluses 
(iii) hich of the following class of animals includes the first verteberates to appear 
on Earth? 
(A) agnatha, the jawless fishes (B) chondrichthyes, the sharks 
(C) osteichthyes, the bony fishes (D) tunicates, the sea squirts 
(iv) Which of these does not pertain to a protostome? 
(A) spiral cleavage (B) blasto pore—anus | 
(C) schizocoelom (D) annelids 
(v) Sponges belong to the phylum. k 
(A) aschelminthes™ (B) arthropoda (C) porifera (D) mollusca 
(vi) Which of the following is not a parasite 
(A) annelida (B) nematode (C) platyhelminthes (D) porifera 


(vii) Which of the following most clearly demonstrates the evolutionary relationship 
between annelids and arthropods? 


(A) a complete digestive tract (B) an exoskeleton 
(© radial symmetry (©) body segments 
4 (viii) Reptiles are much more extensively adapted to life on land than amphibians in — 
that reptiles 


) (B) have a complete digestive tract 
km t be “| Sea (D) go through the larva stage 
*) = Amph ns arose from 
-AA fish ©) jawless fish 
D 


bony fishes with lungs 


Iy O 

of the following has a gastrovascular cavity? j 

sponges (B) earthworms (C) roundworms ((D) latworms | 
sh of the following is not a subphylum of chordata F i 
‘emichordata (B)urochordata (C) cephalochordate (D) ver 


2 _ Write distinct features of animals. 

~ Name the four criteria for animal classification. 
Classify animals on the basis of presence and absence of tissue. 
Differentiate the diploblastic and triploblastic levels of organization. 
To what life style is radial symmetry an adaptation? 
To what life style is bilateral symmetry an adaptation? 
Describe the body layers of sponges. 


What are nematocysts? 
Give three features of platyhelminthes for parasitic mode of life. 


Give three distinguishing features of Aschelminthes. 

How locomotion takes place in Annelids? 

Write five salient features of phylum Arthropoda. 

List any four harmful roles of insects. 

List the similarities between echinoderms and chordates. 

_ What does the term amphibian mean? Why amphibians are not considered a very 
successful gro 5 of vertebrates? 

At. Describe the ways, which amphibians are a 


seer oan 


= 


- 


ò 
SAREN 


k dapted to life on land, and in what ways they 
estricted to a watery or moist environment. ` 
adaptations that distinguish reptiles from amphibians and help them adapt to life 


trial environment. i 
ple of ectothermic and endothermic animals. i 
la of animals that are radially symmetrical and two that are pilater 


(or classes) in which we find each of the following: 


| alr 
At 


An Leni eae do thoy chara! 


diploblastic animals, triploblastic animals, radial 


symmetry, coelom, blastula, protostomes, deuterostomes, 
oglea, zooid, radula, trochophore larva, parapodia,haemocoel, 
Is, water vascular system, protochordata, notochord, swim bladder, amnion, 


ifference between: 

and triploblastic animals 
ate and pseudocoelomate (d) pinacoderm and choanoderm 
el and gastrovascular cavity (f) hydroids and medusa 

erm and ectotherm 


(b) radial symmetry and bilateral symmetry 


tensi e gio) 

ye the criteria of animal classification. 
Atiate between pseudocoelomates, acoelomates and coelomates. Classify 
mates into protostomes and deuterostomes. 


ages (b) Cnidarians _(c)Platyhelminthes (d) Aschelminthes (Nematodes) 
Molluscs (f) Annelids (g) Arthropods (h) Echinoderms 
ibe the evolutionary adaptations for digestion, gas exchange, transport, excretion 
- hoa in the following phyla: 
(b) Cni a aria (c) Platyhelminthes (d) Aschelminthes (Nematoda) 
(g) Arthropoda (h) Echinodermata 
cha Scioristics, evolutionary adaptations and give examples of the 
ordata. 
ir basic characteristics of the phylum chordata. 


(c) Amphibia 
(f) Mammalia 
Shii subclass: 


(c) Eutheria 


SECTION Fed 
Life Processes 


: š ` 
s 
LA á 
s 
A P 
4 a a j a - 
w A 7 4 , 
ke d 
= - ` 
f nd hi 
» ar 
F, 4 mn \. D -1 
f + Mie, A 
+ al 
x -T 


Carnivorous plant: Venus flytrap 
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List the macro and micronutrients of plants highlighting the role of each nutrient. . 
State the examples of carnivorous plant. 

“® Explain the role of stomata and palisade tissue in the exchange of gases in plants. 1 
= œ Relate transpiration with gas exchange in plants. 


e Describe the structure of xylem vessel elements, sieve tube elements, companion cells, trachieds 
] and relate their structures with functions. 


e Explain the movement of water between plant cells, and between the cells and their environment in 
terms of water potential. 
Explain the movement of water through roots in terfìs of symplast, apoplast and vacuolar pathways. 
Explain the movement of water in xylem through TACT mechanism. 
Sribe the mechanisms involved in the opening and closing of stomata. 
i Explain the movement of sugars within plants. | 
A E a Define osmotic adjustment. ` | 
7 * Explain movement of water into,orout of cell in isotonic, hypotonic, and hypertonic conditions. 

E A e Describe osmotic adjustments in hydrophytic (marine and freshwater), xerophytic and mesophytic 
+ plants. 

e . Explain the osmotic adjustments of plants in saline soils. 
è List the adaptations in.plants to cope with low and high temperatures, 
e Explain the turgor pressure and explain its significance in providing support to herhecaar plants. — 
e Describe the'structure of supporting tissues in plants. 
growth and explain primary and secondary growth in plants. 

@ role of apical meristem and lateral meristem in primary and Secondary grov 
nnual rings are tormad, 


| 
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‘ophs as they obtain inorganic nutrients su 


AlS 


40.4.4 


Sixteen elements have been found essential, for 


~ carbon, 


growth and development that are known as micron 


ause plants, unlike a y a static | i 
ymparatively less number of stimuli. However, plants must pos 
“which are required for the survival such as specific nutrition 


ge of gases, mechani 
ymeostasis, support, growth and development and various growth 


\apter deals with all these functions. 
ose substances that provide necessary elements to the organism for growth 
sm are called nutrients that may be organic or inorganic. Theterm nutrition 


o all the processes that are involved in uptake of nutrients fromthe environment 


- utilization in growth or various metabolic activities ofethe body. Plants are 
ch as water, carbon dioxide and certain 


into organic compounds. 


form the environment and convert them 
Plant Nutrients, their Role and Defiéiencies 

plant growth. Nine of these are 
herefore known as macronutrients. These include 


phosphorus, potassium, sulphur, calcium and 
in traces or small amounts for normal 
utrients. These include iron, boron, 


in fairly large quantities and are t 
hydrogen, oxygen, nitrogen, 
um. The remaining seven elements are needed 


anese, copper, molybdenum, chlorine and zinc. 


- Table 16,7 Jineral nutrition in plants 


ES 
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; t of certain amino acids and vitamins. 4 z i 
nc ionic balance, opening and closing of stomata, e! 


sms by which they transport water, mineral and 


ky 40 Form and Functions in Plan i 
spec herefore; the deficiency of am 
ific functions in plant body t | 
complications that are generally called deficiency ae 
causes yellowing z 
of nitrogen oF magnesium gun i; a 


rus causes stunted foo 
— potassium causes leaf margins yellow or brown 


and pre-mature death of plant 

The nutrients may become deficient in 
a particular crop is grown again ang 
ame soil Therefore, crop rotation 
different crops alternatively in the 
f fertilizers in the sol 
for this. problem. The 
the major functions of eadi 
tients of the plant. 


i ? to test whether a certain the soil if 
ess a for plant of not in this | again in the s 
Sow cr rersted wate (cultivation of re 
quantity of specific soil) OF addition © 
» samples of water are analyzed | edies 
) to determine which nutrient, the table 
; i 


| macro arn 


same 


are possibie rem 


10.1 shows 
i micronuY 


Scien i 
Yy major symptoms of mineral deficiencies in plants, ©-9 necrosis, chlorosis, 
growth etc. 
interveins! Nectroti Necrosis: itis tne death t body. Itis due 
chioreis spot to deficiency jÝ 
Calcium, n agnesiun oper ana spaenum 
Chliorosis: (t's, the oarts of a plant 
which shew lack nineral deficiency 
of nitragen, anc magne 
Chiorosis Stunted growth: It is less thar mal growth due to the 
of veins of margin defigiency of phosphorus, sulphur, pi tassium in plants. 


Carnivorous or insectivorous plants are true photosynthetic autotrophs but they 


als > feed | upon insects because they usually grow in places where nitrogenous salts are 
aot readily available, & 9., marshy areas. Actually, they use insects and other 
as their source of nitrogen. Such plants have some modified leaves that are 


usec “tage Op digest insects. These plants also have certain symbiotic bacteria 
. help digest insect proteins. The examples are Pitcher plant, Venus flytra p 
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"GASEOUS EXCHANGE IN PLANTS 
energetics, you have studied that respiration occurs at two levels, ie 

mic d cellular level, The respiration that occurs at. organismic level is called 
vange of gases. The purpose of this gaseous exchange is to enable the sm to 
arm cellular respiration, which utilizes oxygen and releases carbon dioxide during the : 

n of complex organic compounds. Exchange of gases between organism and 

$ envii t is carried out by diffusion. In the absence of special organs, every cell 

of plant carries out the exchanges of oxygen and carbon dioxide according to its 

ren _ exchange of gases mainly occurs through two main openingS:the stomata 


Sa ta) ~ 


an 
12.1 Role of Pali 


Ps H F ` > ’ > AgS 


Mesophylls are special types of parenchymatous cells:(thin walled living cells) 
Hen are present between the two epidermal layerswef leaves. These cells are 
ified to carry out photosynthesis. 


Of Mesophyil in dicot and monocot Aves 


In dicots, there are two distinct layers of mesophyll, the palisade mesophyll 
and the spongy mesophyll. The palisade.mesophyll are elongated and compactly 
_ packec cells with no intercellular Spaces between them. The epidermis beside palisade 
<f mesophyll is called upper epidermis. On the other 
h hand, spongy mesophyll are loosely packed cell with 
i large intercellular spaces. The epidermis beside 
| spongy mesophyll is called lower epidermis. Such 
leaves, in which upper and lower epidermises can be 
differentiated because of the presence of two types 
of mesophyll cells, are.called bifacial leaves. In 
monocots, the leaves are monofacial as only 
spongy mesophyll cells are present between both 
epidermises. The mesophyll cells are metabolically 
active cells of the plant therefore; they are rapidly 
involved in exchange of gases. The passage for this 
exchange of gases through mesophyll tissue is 
provided by the stomata. 


i Xylem Intercellular Cuticle 
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epiger CS z 
rm of vapours through a 


ala ae ly ri 
, the stomata. It is not only ri Spo 
ae ole in the excha 


Epam N + also plays a vital r l 
Aad miine also plays a de a wide passi 


penpe ea TE ae; mf Racac hetw -Å= 
10.2.3 Pattern of Exchange of Gases Derw" 
Environment 
s lants are involved in both ph 


otosynthesis andérespiration 
on does occur. Therefore, pattern of gaseous exchange is differ 


gases in daytime 
me, since the rate of photosynthesis isemuch faster than the f 
“the carbon dioxide released fromérespiration does not fu 
“need. Hence, plants import carbon dioxide from the environ | 
Oxygen released from photosynthesis is much more than the need fe 
nce, it is exported out of the plant body. 


| begin to perform exchange ‘of gases just like animals at night i.e., they absor 
release carbon dioxide to thé environment as no photosynthesis takes place 
xygen required for respiration is absorbed from environment and the carbon 
| on i&released outside. i 
A 


photosynthesis , 
(sunrise) and dusk (sunset) the rate of photosynthesis beco 
r sere on due to low intensity of light. In this situation, the carbon dio} 
ation is sufficient to carry on Photosynthesis and the oxygen 
r is consumed in respiration. Therefore, the net gaseous e 
nvironment is completely Stopped. This is known as compen: 
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vater by cells takes place by osmosis. The term osmos 
vement of water from the region of its higher concentration to the 
antration through semipermeable membrane. The movement of water — 
led endosmosis while the movement of water out of the cell is called 
e movement of water into or out of the cell exhibits three kinds of water 


1 (Ww) 

r potential is a measure of the potential energy in water that enable , it to move 
lace to another. Potential or pressure is denoted by the Greek letter "i psi) and is 
in units of pressure (pressure is a form of energy) called Mega Pascal (MPa). In 
y, water potential is represented by wy. Water potential of a medium is directly 
p onal to the concentration of water in that medium; therefore, pure water has highest 
water potential. Water potential of pure water is designated a value of zero. Water potential of 


all the solutions or the cells must be less than zero i.e., in negative range. 


B ' ~ > < à 


Applying positive Applying negative 
pressure to the left pressure to the left 
side increases Y, side lowers y, 
causing water to causing water to — 
move to the right move to the left side 
side of the tube. of the tube. 


es in Ww of the vacent systems and their effects: In this example a semiperr 
$ ie a te ae yee in a U shaped tube, water will move from a reg 
I unt Bg al is reached. Solutes concentration and pressi | 
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= The water potential in plant solutions is mainly influenced by solute concentration and ` 

ire greater than atmospheric pressure. Water potential can be broken down into itẹ 

ua components using the following equation: 

Wy = Ys + Yp 

where 

W, = solute potential 

W, = pressure potential 

As the individual components change, they raise or lower the total water potential of a 

. When this happens, water moves to equilibrate, moving from the system or 
compartment with a higher water potential to the system or compartment with a lower water 
potential. Therefore, for water to move through the plant from the soil to.the air (a process 

Called transpiration), the conditions must exist as such: 

YW, of soil > Wy of root > Ww of stem > Ww of leaf > Yw of atmosphere. 

_ Solute potential (w.) 

Solutes reduce water potential by consuming some of the potential energy available in 
the water. This measure of decrease in water potential of a medium due to the addition of 
solutes is called solute potential. Solute potential is negative in a plant cell and zero in 

distilled water. In other words, the amount of available potential energy is reduced when 
solutes are added to an aqueous system. Thus, Ws decreases with increasing solute 
concentration. 

The internal water potential of a plant cell is more negative than pure water because of 
the cytoplasm's high solute content. Because of this difference in water potential, water will 
move from the soil into a plant's root cells via the process of osmosis. This is why solute 
potential is sometimes called osmotic potential. 

Pressure potential (wp) 
lf pressure greater than atmospheric pressure is applied to pure water or a solution, its 
water potential increases. It is equivalent to pumping water from one place to another such a 
_ situation may arise in living system. When water enters the plant cells by osmosis, pressure 
may be build 9 inside the cell making the cell turgid and increasing the water potential. This 
ure of increase in water potential of a medium due to the addition of water or due to the 
jure greater than atmospheric pressure is called pressure potential 


ae 


wing example would help understand the concept of water potential. Two adjacent . 


J 1C Forn and Functions in Plants 
0.3.2 Uptake of Water by Roots and Pathways 


-The cell wall of epidermal cells of roots is freely permeable to water and other minerals. 
The cell membrane is differentially permeable. From root hairs water enters the epidermal 
cells by osmosis. The water moves along the concentration gradient. It passes through cortex, 
endodermis, and pericycle and reaches the xylem vessels. There are three pathways taken by 
water to reach the xylem tissues: 


(a) The apoplast pathway, (b) The symplast pathway, (c) The vacuolar pathway. 
Apoplast pathway 


The apoplast is the system of adjacent cell walls, which is continuous throughout the 
plant. When water moving through spaces in the cell walls reaches the endodermis, its 
progress is stopped by casparian strips, (a band of suberin and lignin bordering four sides of 
root endodermal cells). This is called apoplast pathway. 


Symplast pathway 

Movement of cell sap that involves cytoplasmic connection of adjacent cells is termed 
as symplast pathway. The symplast is the system of interconnected protoplast in the plant. 
The cytoplasm of neighbouring protoplast is linked by the plasmodesmata. Once water and 
any solutes it contains is taken into the cytoplasm of one cell it can move through the symplast 
without having to cross further membranes. Movement might be aided by cytoplasmic 
streaming. The symplast is an important pathway of water movement. 


Vacuolar pathway 
in the vacuolar pathway water moves from vacuole to vacuole through neighbouring 
cells, crossing the symplast and apoplast in the process and moving through membranes and 


tonoplast by osmosis. It moves down a water potential gradient. 
Casparian strip Xylem 


Apopiast pathway or 
Extracellular route, via cell wall. 
stopped by Casparian strip 


ao hair 


Sympiasi pathway or 
route, via cell intreiors 
through a a a 
plasmodesmata Epidermis Cortex Endodermis 


—,Apoplast pathway ——™ Symplast pathway = >Vacuolar pathway 
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10.3.3 Structure and Funct 

There are two types of conducting tissues in plants, na 

tissues constitute the vascular tissues. Xylem conducts main 

= roots up to other parts of the plants. Phloem conducts organic 
and down the plant. 


Components of xylem and their functions 

Xylem is a complex and permanent tissue that consists of fou 
vessel lent. en fibres os xylem parenchyma. Tracheids are dead, elongated Cells 
with tapering ends and lignified walls. They have mechanical strength and give support and 
also involve in conduction of water and minerals. These cells are universally present in xylem 
tissue of all vascular plants, which are therefore, called tracheophytes. Xylem vessels are 
dead, very long, highly thick walled tubular structures formed by the fusion of several vessel 
cells (vessel elements) end to end in a row. Vessel elements are shorter than tracheids but 
they form pipeline in plant body as they are placed one above ‘the other. Xylem vessels are 
Only found in angiosperms where they are involved in conduction of water and minerals and 
also provide mechanical support to the body. Xylem fibres are also dead but narrow, highly 
elongated, highly thick walled cells with tapering ends. They are mainly responsible for 
mechanical support to the plant body. The only living cells of xylem are xylem parenchyma, 
which are thin walled, broad cells and are involved in the storage of water and minerals 
temporarily during conduction. 


mely xylem and phloem. These 
y water and minerals from the 
food from the leaves both up 


r cell types; the tracheids, 


Fibres Pits 


Vessel element 
dotted with 


Tracheids 
numerous pits 


Perforation 


Vessel element 
dotted with 
numerous pits 


___ Fig: 10.5: Vessels and tracheids yg 
ted of Phloem and their functions 


ie ues = also complex permanent tissues that are composed of three livi 
Sns, companion cells and the phloem parenchyma) and one dead 
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(phloem fibre). Sieve tubes are the long tube 
like structures, which translocate solutions of 
organic solutes (sucrose) throughout the plant 
body. These are formed by the end-to-end 
fusion of cells called sieve tube elements. Sieve 
tube elements are thin walled living cells but do 
not have nuclei, actually, their nuclei are lost as 
they mature. These cells are narrow at the 
centre and wide at the ends: A transverse or 
oblique pore bearing partition, the sieve plate, 
separates two successive sieve tube elements. 
Due to the absence’ of nuclei, the functions of 
sieve tube elements are controlled by adjacent 
companion cells. The sieve elements and 
companion cells, together form a functional unit 
that act as conducting channels and are 
involved in transport of organic solutes. 
Companion cells provide energy to sieve tube 
| = Fig: 10.6: Phloem elements for their activities. Like xylem tissue, 
phloem also possesses parenchyma and fibre Cells. Phloem parenchymas are storage cells and 
phloem fibres are very much thick walled supporting cells. 


10.3.4 Ascent of sap er 


Water and minerals are.absorbed by the root epidermal cells of soil from where these 
‘substances are first moved to the root xylem cells and then to the leaves. This upward 
‘movement of water and dissolved mineral from root to the leaves through xylem tissue is 
Called ascent of sap. Since this movement occurs against the gravity therefore, a 
_ force is required to conduct water and minerals in tall heighted plants. The most 

acceptable that explain this movement is generally called TACT theory. 


Companion cell 


` According to this theory, four factors such as Transpiration pull, Adhesion, Cohesion 
fension (TACT) are combined to form a collective force that is mainly responsible for 


tion pull 


a are open, the water molecules move from the ragion of w wa 


geet from the xylem tissue. Thus, the ph 
: transpiration pull hate CC 


2. Adhesion i 
Adhesion is the attractive force 
between water molecules and other 
substances. Because both water and 
cellulose are polar molecules so there is a 
strong attraction for water within the 
hollow capillaries of the xylem. Adhesion 
of the string of water molecule to the wall 
of the xylem cells assists upward 
movement of the xylem sap counteracting 
the downward gravity. Adhesion also 
helps to hold water in the xylem when 
transpiration is not occurring. 


3. Cohesion and tension 

Water molecules attract one 
another, forming weak hydrogen bonds. 
This attraction among water molecules is 
called cohesion and the hydrogen bonds 
formed between them are termed as 
tension. i 


Mechanism of TACT force 


The column of water molecule 
within the xylem is at least as strong and 
as unbreakable as a steel wire of the 
same diameter. Hydrogen“bonds among 
water molecules provide the cohesion that 
holds together the ‘string’ of water 


a 


Sa y 4 Mesophyll cells 


Stoma 

Water molecule 

Air 

Adhesion 
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Xylem Cohesion, 
a cells by hydrogen 
@e «COHESION AND bondia 


<2 ADHESION IN THE XYLEM 
Water molecule 
= Root hair 

Soil particle 
Water 


| s Root 
WATER UPTAKE FROM SOIL 


Fig. 10.7: Movement of water in xylem through TACT 
Mechanism i 


extending the entire height of the plant within the xylem. As long as transpiration continues, — 
the string is kept tense and is pulled upward as one molecule. The bulk flow of water to the — 
top of a plant is driven by solar energy since evaporation from leaves is responsible for 
transpiration pull. 
0.3.5 Opening and Closing of Stomata A 
You have already studied the structure and distribution of stomata in section 10.22 
eae are generally open in day and close at night. The opening and closing of stomata 
nds upon the changes in the turgidity of guard cells. When guard cells are turgid, thé 
ly opened but when they become flaccid, the stomata are closed. There are W0 
en may explain the opening and closing of stomata: (a) Starch sug@ 
ory, (b) K* ions Influx/efflux theory. 


MDCATBYFUTU REDOCTORS(TOUSEEFAHMADKHAN) 03499815886 


Form and Functions in Plants 
h sugar interconversion theory 


According to this theory, the guard cells are the only photosynthesizing cells of leaf 
epidermis because they have high chlorophyll content than the surrounding epidermal cells. In 
the morning when plant is exposed to light, the process of photosynthesis is started. As the 
concentration of glucose (sugar) is increased, the solute potential and water potential of guard 
cells become low (more negative). Since, the surrounding epidermal cells have high water 
content at that time so water begins to move from surrounding epidermal cells to the guard 
cells. The entry of water into the guard cells makes them tugid and thus, stromata are opened. 


In the evening when the process of photosynthesis is stopped, the concentration of 
glucose is decreased because some glucose has been consumed in respiratory activities of 
guard cells, some of it is transformed into sucrose so that it can be transported to other parts, 
and the remaining glucose is converted into insoluble starch and is stored for later use. The 
decrease in glucose concentration causes an increase in water potential of the guard cells. In 
this way, water begins to move from guard cells to surrounding epidermal cells. Due to loss of 
water guard cells become flaccid, thus stomata are closed. 


K+ ions Influx/efflux theory 


According to this theory, the start of photosynthetic activity in the morning when plant is 
exposed to light, causes a decrease in level-of CO> in the guard cells. Low level of CO2 
favours or stimulates the influx (inward Movement) of K* ions (shown in red dots in the fig. 
10.8) into the guard cells from the surfounding epidermal cells by active transport. At the same 
time, malic acid is ionized into malate ions and H* ions due to the exposure of blue light (a 
part of visible light). The accumulation of H* ions causes decrease in pH of guard cells, which 
are then pumped to surrounding epidermal cells in order to maintain the pH of guard cells. The 
incoming K* ions are combined with malate’ ions to form potassium malate which is highly 
soluble in water thus decreases the water potential of the guard cells. In this way water begins 
to move from surrounding epidermal cells to guard cells. The entry of water into the guard cells 
makes them turgid and thus, stomata are opened. 
| In the evening, the photosynthetic activity is stopped and level of CO2 rises in guard 
cells. High level of CO2 favours oF stimulates the efflux (outward movement) of K* ions (shown 
in red dots in the fig. 10.8) from the guard cells into the surrounding epidermal cells by active 
transport. At the same time, malic acid is reformed by the combination of malate” ions and H" 
ions as there is no exposure of blue light now. Due to the absence of potassium malate, the 
water potential of the guard cells are increased. In this way, water begins to move to 
Surrounding epidermal cells from guard cells. The loss of water from the guard cells makes 
them flaccid and thus, stomata are closed. 
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j Fig: 10.8: (i) Stomata opening (ii) Stomata closing 


3 0.3.6 Translocat a 


The movement of prepared food (organic solutes) to.different parts of the plant body 
_ through phloem tissue is called translocation of organic solutes. 


| n or direction of translocation 
by 


_ like ascent of sap, this movement cannot be characterized as upward or downward 
lovements, because prepared food is to move to different directions. Therefore, in order to 
ne the direction of this movement it is ustially said that translocation always occurs from a 
rce towards a sink. The term source.is applied to the area of supply of food such as food 
lufacturing organ or storage organ’ (when it supplies the food). The term sink is used for 
area of utilization of food such as metabolizing organ or Storage organ ( 

-Leaf is purely a source while fruit is particularly a sink on the other h 
both source, and sink. 


losition of translocating fluid (Phloem Sap) 
The studies of composition of phloem sa 


when it stores the 
and root and stem 


D AA p have revealed that it consists of 10-25% dry 
e he 7 th i H Roa 
— 20% BAI dry matter is sucrose (cane sugar), while remaining are other organic 


Mechanism of transi 


ge =v 

; 4 i 
a pL) ae 
solutes 


acceptable theory that ex 
is 


w "N 
xylem cells and increases hydrostatic 
pressure in the phloem cells, which 
Pushes forcibly the sugary solution away 
from the leaf (source). The pressure 
gradient from source to sink causes 
translocation from the area of higħer 
hydrostatic pressure (the source) to the 
area of lower hydrostatic pressure (the 
sink). When this solutionis reached to 
í Sieve tube the sink such as roots, yne root cells 
running actively absorb the organic solutes from 
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At source: 


Sucrose through the this solution. The joss of solutes in 
loade (requires length of phloem sap causes an increase in water 
j ATP) the plant potential sosthe water from the phloem 


flows back to the xylem tubes. 


10.4 HOMEOSTASIS IN 
PLANTS 


Homeostasis is the ability to 
maintain a steady state within a constantly 
changing environment that contributes 
towards the success of living systems. The 
outer environmental conditions such as 
water availability, nutrients and temperature 
often show fluctuations that also affect 
these components within plant body. Plants 
SINK have several adaptations to cope with 
root cells these challenges. Here you are going to 
learn about osmotic adjustment 
(osmoregulation) and thermoregulation in 
plants. 


The maintenance of water and 
solute level in the body is called osmotic 
adjustment or osmoregulation. Water and 
solute relations establish three kinds of 
osmotic situations such as hypotonic, 
hypertonic and isotonic. 
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t of water in different osmotic conditions 


Different osmotic conditions cause different effects upon net movement of water in and 
"Sul of the cells. If a cell is kept in a medium which has higher water potential and lower solute 
than cell sap, the water begin to move from medium to the cell (endosmosisy, 


È ota ie kapt | in a medium which has lower water potential and higher doile concentration than 
"cell Sap, the water begin to move from cell to the medium (exosmosis) and cell becomes 
flaccid. Such medium is called hypertonic medium. Both hypotonic and hypertonic type of 
osmotic conditions compel for osmotic adjustment. The ideal situation for a cell is isotonic in 
which Water potential of both cell and outer environment is equal, therefore, there is no net 
f of water in.and out of the cell. However, this situation is rarely available to the 

— 


pme adjústments in plants of different environment 


| Based upon availability of water, plants are classified into hydrophytes, mesophytes 
é nd xerophytes. Each group exposed in different osmotic conditions therefore, show different 
osmotic adjustments. 


The plants that are found in the area where abundant water is available, are called 
tes , Aquatic plants of freshwater habitats are example of such plants. These plants — 
apse mendiians so face problem of flooding (excess of water). Such lee i 
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— pá upper epidermis, which are kept open day and night. These plants do not store 
vater and either have very thin cuticle or almost none, on their surface. 


Mesophytes 

l The plants that are found in the area where moderate supply of water is available are 
called mesophytes. Common crop plants such as wheat, rice corn are example of such 
plants. These plants are exposed in nearly isotonic conditions so face no drastic problem of 
; flooding (excess of water) or dehydration (deficiency of water). Such plants shéw moderate 
rate of transpiration due to medium sized leaves with distribution of stémata on lower 


epidermis, which are generally open in day and close at night. However, these plants can 
close their stomata even in day. These plants store a 


very small amount of water, have very thin cuticle on 
their surface. 
Xerophytes 

The plants that are found in the area where 
very little amount of water is available are called 
xerophytes. Desert plants such as cactus, opunti@are example of such plants. These plants 
are exposed to severely hypertonic conditions so face extreme degree of dehydration. Such 
plants show very reduced rate of transpiration due to narrow needle like leaves or due to 
complete modification of leaves into spines. They have stomata in depressions (sunken 
stomata), which are generally closein.day and open at night. These plants store a very high 
amount of water therefore; they are:also called succulent plants. They have very think cuticle 
on their surface. 


Critical Thinking 
in tropical elimates, many tall plants shut - 
stomata during the hot days and open at- 
night. if their stomata are closed during 
day; why doesn’t the water within the 
plant fall down the stem? 


Terrestrial (moderate) 
Nearly isotonic 


No drastic problem | ceil 
[Meduma | Verylowr 
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Mins ioon m 8 n 
of €" 
yl is characterized by the presence of excessive salt concentration. Hig S 
racteristics of salt marshes. Saline soils due to very low water potentia n ot 
cal drought i.e., plants are unable to absorb water even water is Api noel 
sfore, plants living in saline environments (halophytes) have adapted K ston 
to deal with this problem. | tem 
les respond to salinity by taking up sodium and chloride at high rates and then sho 
these ions in the vacuoles of the leaf cells, keeping the salt concentrationiin the pro 

1 and organelles at a low level that does not interfere with the functions of their 

mes and metabolic machinery of their leaves. These plants use the accumulated salt for 

otic adjustment to the low water potential in the soil. 
On the other hand some halophytes do not uptake salts form soil; instead, they make = 
smotic adjustment by accumulating their own dissolved substances compatible with enzymes is 
andr ism. These “compatible solutes” are mostly organic compounds such as the wa 
nit ogenous compounds glycine and, in some plants, sugar alcohols, such as sorbitol. 4 
j | 
10.4.3 Thermoregulation in plants 

All organisms for optimum activity of their enzymes require a suitable temperature: si 
regulation is a type of homeostasis by which’an organism is able to perform necessary tt 
Boerner in response to low and high femperature stress. Plants also have certain ti 
daptations that enable them to tolerate against low and high temperature changes. S 


Adaptations in plants to cope wit 
p 
< Low temperature affects the fluidity of cell membrane because lipids of the membranes 
ecome locked into crystalline structures, thus membranes become porous-which affect the 
port of solutes. The structure of membrane proteins is also affected. In addition, freezing 
temperature also causes ice crystal formation with in cytoplasm that interferes with the 
metabolic activities of the cell. | 
in: order t ent crystallization in cell membrane, plants increase the proportion of 
aturatec fatty acids (which have low freezing point), which help membrane to maintain 
ure at low temperature and the crystal formation is inhibited. In order to = 


stations of plants to low a stress require time because of this 
N to plants is more stressful than gradual drop i in air temperature. 


3 to cope with the high temperature stress . 


| oe ne y l Z f S i ons 
a k a N Ten stress causes excessive evaporative loss of water by transpirati 
that may leads to dehydration and ultimately wilting (loss of turgor). It also causes denaturation 


of enzymes and damages the metabolism therefore, harms or kills the plants. 

pot areas, the plants develop a shiny cuticle, which reflects much of the incident light. 
Thus preventing the heat absorption and overheating by the plant. The leaves contain 
numerous stomatal openings, which allow the loss of water (transpiration), and remove the 
heat from the plant. However, very high temperature i.e., above 45°C, plants close their 
stomata to prevent the water loss. Therefore, most plants have adapted to survive.in such high 
temperature stress situations by synthesizing large quantities of special proteins called heat 
| shock proteins. Since these proteins are heat tolerant, so they embrace enzymes and other 
proteins thus help prevent denaturation. 


| 
| 10.5 SUPPORT IN PLANTS 


When the life started on land from water, one of the very important needs for the 
| organisms was to gain some sort of support and strength for keeping their bodies in shapes. 
Plants also have variety of mechanism for support. Sueh as, turgor mechanism in parenchyma 
| cells, mechanical tissues (thick walled e.g., collenchyma and sclerenchyma), arrangement of 
vascular bundles and secondary growth. . 


40.5.1 Role of turgor mechanism in support 


| in plants the parenchyma cells have large central vacuoles, which are filled with water. 
The water causes pressure on the suftounding walls, when the cells are turgid. This pressure on 
the walls keeps the cells, stiff and Hard and is called turgor pressure. In herbaceous plants where 
the specialized supporting tissues are not common, the turgidity of the cells provides support and 


strength and it grows uprightly. 


TRUS 


10.5.2 Role of mechanical 
tissues in support 


The term mechanical tissues is used for 


Thickened walls at the 
comers of the cells 


thin cellulose wall the tissues of thick walled cells i.e. 
collenchyma and sclerenchyma. 

Nucleus N 

Lining layer of Collenchyma 

cytoplasm The collenchyma is characterized by 
the extra cellulose deposition at the comers of 

Large vacuole these cells. It is a mechanical tissue, providing 


support particularly in young plants, hi 
leaves etc., (where secondary growth | 
occur) collenchyma is living so it can ¢ 


eG 40 Form and Functions in Plants 
important role in support because of jt, > 
— Branching simple Pity 
Point where two | 
simple pits have fused 


Lumen 


es it plays more 
pidermis. 


stretch freely. In stems and petiol 
location in peripheral regions near e 


Sclerenchyma 


Sclerenchyma tissues are solel 
giving support and mechanical strength for the 
plants. The mature cells are dead due to the 
formation of very thick secondary lignified wall. 
The sclerenchyma is of two types, i.e., fibres and 


sclereids. Fibres are elongated cells and sclerei oug n creat tea 
cells otherwise both have heavily thickened walls with lignin and with g rength, 


Fibres are found in the pericycle of stems forming a solid rod of a Pr also found jp 
xylem and phloem tissues. Sclereids are common in fruit wall and seed coas. 


y means for 
Lignified Secondary 


wall 


Fig: 10.11: T.S. of sclereids 7 


ds are roughly spherical or variously shaped 


Middle lamella 

Simple pit connecting 
empty lumen of mature 
fibres (dead cells) 


A f 
1 a) 2e— Pointed ends of fibres 
Ara f \\ interlock without air 
; | 

git = } spaces 


a Wall - layers of cellulose 
M impregnated with lignin 


p P 


Figs 10.12: (a) T.S. of sclerenchyma cells (b) L.S. of sclerenchyma cells l 


10.5.3 


ay ; 
rue § Gees 


in dicot plants, vascular bundles are arranged in the form of ring in stem. As compares 
to monocot plants in which vascular bundles are scattered in the stem, the ring arrangement | 


| 


yascular bundle in dicot plants also provide support to the plant body. 


_ /10.6 GROWTH AND DEVELOPMENT IN PLANTS 


Development is a programmed series of changes by which an organism is conve A 
from simpler to form that is more complex. The growth is part of development process wf në 
characterized by an irreversible increase in the size and mass of an organism. In plants grov 
and development involve four phases: cell division (production of new aaki i ji 
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(enlargement of cell size), ; 
E ocaizod 10 ie maturation and differentiation (cells structurally and functionally 

am m a ai w 2a Sine particular functions). Plants add new organs like, branches, 
eaves, ghout life. This unique pattern is called continuous growth. 


40.6.1 Meristematic tissues (Meristems) <~ 


In lower plants, the entire plant body is capable of growing, but in higher plants, growth 
E ian to certain ala known as growing points that possess specialized tissues for 
growth, the meristematic tissues or meristems. The cells remain forever young and divide 
actively throughout the life of the plant in these tissues. When a meristematic cell divides in 
two, the new cell that remains in the meristem is called an initial, and the other is called the 
derivative. As repeated mitotic divisions of the initial cells add new cells, the derivatives are 
pushed farther away from the zone of active division. They stretch, enlarge and differentiate 
into other types of tissues as they mature. Meristematic cells are generally small and cuboidal 


with large nuclei, small vacuoles, and thin walls. A plant has two major kinds of meristems: the 
apical meristem and lateral meristem. 


Apical meristems 


These are located at the tips of roots and shoots.«Cell divisions and subsequent cellular 
enlargement in these areas lengthen the above and?below ground parts of the plant. Since, 
these meristem are present in plants right from embryonic life, therefore, they are also known 
as primary meristems. Co 


Lateral meristems 


Lateral meristems are cylinders of dividing cells on lateral sides in stems and roots of 
- dicots and gymnosperms ahd increase their thickness and diameter. These meristems are 
derived from apical meristem after embryonic life therefore; they are also called secondary 
meristem. Vascular cambium, cork cambium, and intercalary meristem are the types of lateral 
meristems. Some plants grow in diameter by producing new tissues laterally from a cylinder of 
tissue called the vascular cambium, which extends throughout the length of the plant from 


Cortex 


Region where 
vascular tissue 
will form 


Apical meristem 


pute in width of plant body. Intercalary m 
y are separated from them and are located alone 
\ in these tissues give rise side branches, leaves and le 

size. Tissues produced by cell divisions of the any 


a 1S 
of plant growth ~~ 
there are two types of plant growth: Primary growth and secondary 


arts its life after germination of seed, it begins to increase its length first, 
h of root and shoot is therefore, called primary growth. It remains 
e life of a plant however the rate of growth may vary In different periods 


of the plant body. All the tissues that are produced during secondary growth are 
tissues. Similarly, the tissues that are already present in plant before the 

y growth are called primary tissues. 

of lateral meristems in 

meristems i.e., cork cambium and vascular cambium mainly participates in 


ov” - 


yh 


ows lengthwise by the activity of apical meristem, vascular cambium is 
sen in vascular bundle between primary xylem and primary phloem. Its 
faster than cork cambium therefore it contributes more tissues in 
S two new tissues in plant body: secondary xylem (towards its inner 
m (towards its outer side). The rate of production of secondary , 
phloem and it is produced in two different ways during the 
n and winter seasons, comparatively smaller sized cells” re 


' while in spring and summer seasons, larger sized cells 
of water. Because of this differential growth p 


e cork cambium or phellogen general 
adds two new tissues in plant bod 
its inner side) and cork (towards its o é 
come dead after sometimes due to which f 
r surface of mature trees looks rough. i 


y Originates from outer most layer of primary 
during secondary growth: secondary cortex 
or side beneath the epidermis). The cork cells 
pidermis also becomes dead. Therefore, the 


crow} 
-— 


Primary xylem 


Cambium Dermal tissue 


Primary phloem 
Ground tissue 


Sloughed-off 
Cells 
cowl pe . 
` ‘a 
ro 
x 
D 
Primary xylem R 
Secondary xylem © 
Vascular cambium 
Cork 


Secondary phloem 
Primary phloem 


D 


Second growth ring on a 
First growth ring <t 


Secondary xylem 
Vascular cambium 
Secondary phloem 


ii | Cork cambium 
è Cork z 
A Bark is 


j 
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Ra Critical Thinking 


od and bark © 
= During secondary growth, 
laterally (inner to the vascu 
secondary xylem and is called woo 
wood (some secondary xylem, prima 
"most tissue, the pith) is blocked b 
wastes in later life and therefore gives a dark appearance. 
It is called heart wood. However, the outer region of wood 
(consist of only secondary xylem) remain functional and 
‘therefore gives a light appearance. It is called sap wood. 
The outer region of stem from vascular cambium to 
epidermis is called bark. The portion of bark inner to the 
cork cambium is called inner bark (secondary phloem, 
primary phloem, pericycle, endodermis, primary cortex and secondary cortex) while the portion 


of bark outer to the cork cambium is called outer bark 


10.6.4 Growth cori | 
During the development of a plant, the rate of growth | 
at different growing points is not constant, for example 
growth of different meristem sometime influence upon each 
other. Such interactions among different growing points are 
called growth correlations. These growth correlations May 
be positive (if growth of one part promotes the growth ol 
other part) or negative (if growth of one part inhibits the 


growth of other part). 


the bulk of tissues added 
lar cambium) is mainly 
d. The inner region of 
ry xylem and central 
y the deposition of 


mt hh dine 


Transverse section of stem: Can 
you find out the approximate age 


of this plant? 


(cork and epidermis). 


Apical dominance 


Apical dominance. is. a kind of negative growth 
correlation in which the presence of a growing apical bud 
inhibits growth of lateral buds. It is also found in roots where 
lateral root growth is inhibited by growth of the main root. | 
The plants showing tall height with short side branches hate 
very strong apical dominance and the plants showing short 
al = el i growth of lateral branches have very Fig: 10.16: (a) A plant showing 

: strong apical dominance (b) A plant. 


Botanists have performed several experiments tọ  *"°WiN9 weak apical dominance 


tudy the cause of apical dominance and fi owth 
| nally concluded that it is th l 
ea 
iguiator) a is a from apical bud and inhibits the growth of neni oh b- č also 
vea ol way an Sega by lateral buds (another plant growth regulator) works 
ntagon y ns in apical dominance, thus neutralizes the influence of apical bt 
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y plants having strong apical dominance nore aux 
id ytokinin from lateral buds. Similarly, the plants having weak ap 
e produce less auxins from apical bud and more cytokinin from lateral buds. 

= 10.7 GROWTH RES 


la ts generally adjust themselves to changing environment by growth. The changes in 
or functions are often regulated by plant hormones (growth substances) 


d in response to environmental factors. The plant hormones act at the level of cells to 
cell division, enlargement or cell maturation. 


10.7.1 Plant Growth Regulators 
Plants are co-ordinated by chemicals commonly known as plant hormones, which 
necessarily move from their sites of synthesis to the sites of action, and because their effects 
are usually on some aspect of growth, they are called growth regulators. Five major types of 
growth regulators are recognized (a) auxins (b) gibberellins (c) cytokinins (d) abscisic acid 
(e) ethene. Auxins, gibberellins and cytokinins are called growth promoters because of their 
gener role in promotion of growth while abscisic acid and ethene are called growth 
Auxins 
An auxin or indole-3-acetic acid (IAA), was the first plant hormone identified. It is 
Manufactured primarily in the shoot tips (in leaf primordia and young leaves), in embryos, and 
in parts of developing flowers and seeds. They are mainly responsible for cell elongation. 
Gibberellins 
The gibberellins are widespread throughout the plant kingdom, and more than 75 have 
isolated, to date. Rather than giving each a specific name, the compounds are 
for example, GA1, GA2, and so on. Gibberellic acid 3 (GA3) is the most 
ad and most thoroughly studied. The gibberellins are especially abundant in seeds 
ig shoots where they control stem elongation by stimulating both cell division and 
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of ] 
j AA 


a — 


been en 
r (pl 


A 
S & 
eí amed because of their role in cell division (cytokinesis), the cytokinins have 
‘ structure similar to adenine. Naturally occurring zeatin, isolated first from corn 
„is the most active of the cytokinins. Cytokinins are found in sites of active cell 


| effect is inhibition of BW science Titbits 


Inhibit primary 
root growth 
Promote lateral 
root growth 


Promote bud 
initiation 
Promote bud Promote lateral Promote bud 
initiation bud growth initiation 
Break bud 
dormancy 
e Promote in long Promote in 
day plants short day plants 
e Inhibit in short Inhibit in long 
day plants day plants 
e Acts as Acts as 
substitute for substitute for 
red light far red light 


“Antagonistic to Antagonistic to 
Abscissic acid gibberellins 


i Enhance the = 
a= 
eens t | Promote ripening | 


ne or ethene 
ylene or ethene is a simple gaseous hydrocarbon produced from an amino acid: a 
pla nt tis | alt in large amounts when Lad are stressed. It diffuses from its sit 


ra 


| 
di l 1 a y i 7 j R f F 
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| this section, you are going to learn about tropic movements or 
honed or away from certain external stimuli such as light, force of 
Phototropism — 
ne propis is the movement of plants parts, either towards (positive) or away 
ative ) from light source. Such movements are found in shoots and roots, Shoots show 
ve phototropism (grow upward above the ground) and roots show negative geotropism 
w dc ward under the ground). ; 
Geotropism oe 
= Geotropism (gravitropism) is the movement of plants parts, either towards (positive) 
| _or away (negative) from force of gravity. Such movements areñalso found in shoots and roots. 
_ Shoots show negative geotropism (grow upward above thesground) and roots show positive 
i 
oie (grow downward under the ground). 
 Thigmotropism X 
d Thigmotropism is the movement due to the touch stimulus. Such movements are 
r shown by climbing plants that require any supportive structure such as a wall, a wooden stick 


or rod or even a rope to climb over. 
 Chemotropism 

| , In chemotropism the stimulus is a chemical (nutrients). 
fungal mycelium in which hyphae show more growth towards the nutrients. 


10.7.3 Photoperiodism 

= Light exerts ence on living organisms through variation in intensity, quality and 
y | h. Total duration of light in the whole day is called photoperiod and its effect on the 
nt of fic vers in some plants is called photoperiodism. This behavior is found in 

sin wt ch due to the exposure of appropriate photoperiod their vegetative buds are 

j into floral buds and the flowers are begin to produce. If such plants do not get 

toperiods their vegetative growth remains continue but flowers are not produced. — 


pa TH 


Such movement is shown by 


of plants based upon photoperiot 


sified into three main groups on the basis of how photoperiodism af ects 


~i- a A b 
Classification 
ii 
to . we y 


è 
ee D 
3 NE 


toperiod is less than a certain crit 


= 


_ SS E = ; š —= = a Cor 
cted by variation in day length or darkness inais 
set pea, rose, etc. : 


aie otoperiod for both long day and short day plants is : 
ic ix Ber plant even they polong OT tor Co . 
>, 14 hours photoperiod is seemed to be critica : anah oF i . 
riod is critical, however both are short day plants. org vache hw 

e upon the level and relative proportion of two forms sie day pl@y cane 

er in this section) in plant body. Critical photoperiod for i duce flowering in a 

3 maximum length of day, which is required to Samaan in SONd for lon 
lant’. Examples have already been given. Similarly, critical pho S atendi g | 
can be defined as the minimum length of day, which is require. s pe ce 

n long day plant”. For example, for henbane 11 hours photoperiod Is f 


cance of dark periods over photoperiods ele | | 
it has been discovered that the actual stimulus for flowering IS the uninterrupted | 
rather than the light period. Therefore, it is really the length of dark period whichis | 
example, if a short day plant (e.g., cocklebur)sis grown in appropriate short days | 
15.5 hours), but its long nights (more than 8.9 hours) are interrupted by short light 
) flowering is prevented. Similarly, a long day plant (e.g., henbane) can flower in | 
short days (less than 11 hours), if,its long nights or dark periods (more than 13 


e dark length the quality (wavelengths) of light is also important in promotion or 
f flow ring. For example, cocklebur a short day plant, will not flower if its long nights 
ut experiments revealed that red light (660 nm wavelength) was effective in 
ring and the far red light (730 nm wavelength) reversed the effect of red light. 
stra ed that if more than one type of light exposures were given to interrupt 
ight treatment always determines the response. The behaviour of long day 
e in these experiments. 
above observation, researchers concluded that there must be some kind of 
lants, due to which plants respond differently to these lights. This struggle 
very of these photoreceptor pigments in the form of phytochromes. 


8ie8 


Operiodism depends upon the rate of interconversion and the 
fochromes. Phytochromes are blue-green pigment, which 
jotoreceptor. They are protein in nature but also contair 


” 


; Short-day Long-day 
(long-night) (short-night) 
plant plant 


(opie & 


i RFRRFR 


Critical dark period 


a i 
f j Fig: 10.17: Phytochrome detects varying periods of day length and darkness. 


interconversion anc i r | 
l R`. Phytochrome is a blue green leaf pigment tħat alternately exists in two forms: 
Pr (Phytochrome red) absorbs red light (of 660. nm wave length) and is converted to Pfr 
i Pfr (Phytochrome far-red) absorbs far-red light (of’730 nm wave length) and is converted to Pr 
Direct sunlight contains more red light than.far-red light; therefore Pfr is present more in plants 
Red light 


f during the day. Far-red light are invisible heat 
radiations that are present in both day ahd night, but 
Far-red light 


_ conversion of Pfr to Pr occurs mainly at night. The rate 

‘of this conversion (Pfr to Pr) provides a biological clock 

lants to determine the length of their night. | 
aim 


A short day plantirequires a low ratio of Pfr to Dp ores a 
night longer than critical length results in rsion in darkness 
ation of P ene Pfr to Pr ratio becomes low. 
yand a long day plant requires a high ratio 
- A nig nt shorter than critical length results in ai 
ion of Pr so the Pfr to Prratio becomes high. Fig: 10.18: interconversion of two forms of | 
phytochromes 


(P730) to Pr (Peso) at the end of nights (discussed at 
ilar hormone in plants known as florigen, which trar 
thus flowers are produced. i 


rc if its seeds are exposed to se 


st of low temperature period is absolute, me 
ization. Low temperature stimulates production of ver 
‘buds to the floral bud thus flower are produced. It 


ibberellin. call 
is actually g ; S 


ent in the log of a tree and calculation of the age of a plant by counting number of 


tration of phototropism, geotropism and thigmotropism in plants 
ion of the folding of leaf after touch in Mimmosa pudica 
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organic compounds 


(D) phosphorus 


(D) calcium 


| (C) oxygen nitrogen 
ce of waler and minerals from soil takes =: ©) ong 
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| and Functions in Plants 
Succulent tissues ar adik 
(A) hydrophytes 

A researcher, who RJ thallophytes (C) mesophyll xerophytes 
capillary tube into the Ban tad the composition of a plant's sap, inserts a 
(A) capillarity - What causes the sap to flow out of the tube? 


(C) root pressure hydrostatic pressure 
(D) transpiration stream 


ort Questions 


What are carnivorous 

ow exchange of pales aiik ahs 

Draw and label T.S. of bifacial leaf. plants? What is the purpose of gaseous exchange? 
What is the role of transpiration in exchange of gases in plants? 

Write a shot note on: (a) hydrophytes (b) mesophytes (c) xerophytes 

What is the role of turgor mechanism for support in plants? 

Describe the types of plant growth. 

Classify plants based upon photoperiodism. 

What is critical photoperiod? 

What are phytochromes? 

Why support is needed in terrestrial life? 

What are the types of movement in plants in response to stimuli? 

Write the differences between: 

(a) apoplast pathway and symplastpathway- (b) cohesion and adhesion 

(c) endosmosis and exosmosis (d) hypotonic and hypertonic solution 
(e) mesophytes and xerophytes (f) collenchyma and sclerenchyma 
(g) primary growth and secondary growth 


Extensive Questions 


15. Describe the exchange of gases bet 
16. Explain the movement of water betw 
17. Describe the movement of water through roots. | 
18. Describe the ascent of sap In xylem through TACT mechanism. 
19. Explain the mechanism of opening and closing of stomata. 
20. Describe the translocation of organic solutes In plants. 
21. Describe osmotic adjustment in plants of different environment. 
Describe adaptations in plants to cope with low temperature se high temperature stress. 
What is the role of mechanical tissue to support in plants? 


r i ic ti in plants. 
Describe meristematic tissues in plants 
Describe the role of lateral meristems IN secondary growth. 


tis photoperiodism? Explain the mechanism of photoperiodism with reference to 


the mode of action of phytochromes. 


ween plants and environment. 
een plant cells and their environment. 


al 
After ‘com pletin g this lesson, d 
Waa ihe Or f 
\ W =) t n 
you will Je able to ; 


Describe the mechanical and chemical digestion in oral cavity. 


j e Explain swallowing and peristalsis. r 
Describe the structure of stomach and relate each component with 


chemical digestion in stomach. f ME 
Explain the role of nervous system and gastrin hormone on the secretion of gastric juice. 


e Describe the major actions carried out on food in the three regions of the small intestine. 
Explain the absorption of digested products from the small intestine lumen to the blood 
capillaries and lacteals of the villi. 


the,mechanical and 


Describe the component parts of large intestine with their respective roles. 


. 

e Correlate the involuntary reflex for egestion in infants fnd the voluntary control in adults. 

e Explain the storage and metabolic role of liver. 

e Describe composition of bile and relate the constituents with respective roles. 

e Outline the structure of pancreas and explain its function as an exocrine gland. 

e Relate the secretion of bile and pancreatic juice with the secretin hormone. 

e Describe the causes, prevention, and\treatment of the following disorders; ulcer, food 


poisoning, dyspepsia. 
Describe obesity in terms of its‘causes, preventions anc related disorders. 
Explain the symptoms and treatments of bulimia nervosa and anorexia nervosa. 


In chapter 2 we have read about biological molecules or food. Food is necessary to | 
sustain life. The food is utilized at the cellular level. Most of the food we eat, however, is not 
, ’ | 


suitable for ar utilization until it is mechanically and chemically reduced to forms that can 
be absorbec through the intestinal wall and transported to the cells by the blood. This chapter 


ents a general view of the digestive s 
a : a, ystem, describes it i and 
‘ders related to digestive system and food habits. 5 anatomy. physi 


AA 
KS 


,4rIPCerhs 
VIDEOS! I 


K 


ee ied were digestive .system can be divided into a tubulal 
i. sto mall digestive organs. The organs of GI tract i 
oa, ae c » Small intestine and large intestine. The access 
'e teeth, tongue, salivary glands, liver, gall bladder and pancreas 


Oral Cavity 7 
The mouth is surrounded by the 
lips, cheeks, tongue and a palate and 
includes a chamber between the palate 
and tongue called oral cavity. The 
tongue nearly fills the oral cavity when 
the mouth is closed. Rough projections 
called papillae on the surface of the 
tongue cause friction; which is useful in 
handling the food. These papillae 
contain taste buds. The palate forms 
the roof of the oral cavity. It consists of a 
hard anterior part the hard palate and a 
Soft posterior part the soft palate. There 
are 32 teeth. Different teeth are adapted 
to handle food in different ways. The 
incisors (front teeth) are chisel shaped 
and their sharp edges are used to bite 
off relatively large pieces of food. The 
canine teeth are coneshaped and they 
are useful in grasping’ or tearing food. 
The premolars and molars have 
somewhat flattened surfaces and are 
specialized for grinding food particles. 
There are three pairs of salivary 
glands: parotid or parotis, 
submandibular and sublingual. These 

_ glands secrete saliva having enzyme. 


Functions of oral cavity a 


also 


G TROIN TESTINAL TRACT (GIT) - Structure 
A ei wee from the mouth to the anus, is a continuous tube. It is a locally 
uae ey cut» - ey at various points along its length, with each region 
de e role, GIT is approximately 9 m (30 ft) long. It passes across 
€ ‘thoraci ers the abdominal cavity at the level of diaphragm. 

eo tube consists of four major layers: an internal mucosa and an external 
serosa ucosa and muscularis in between. These four layers are present in all 
areas of the 9 ale from the oesophagus to the anus. 


and Function 


Parotid salivary 
gland 
Pharynx 


Oral cavity 


Tongue 


Tooth — — a = 
Submandibular 


Sublingual —— salivary gland 


salivary gland 


Stomach 


Pancreas 


Gallbladder 


mmon bile duct y Transverse 


colon 


Ascending - 
colon 
Small 
intestine 
Descending colon 

Cecum 
Vermiform Sigmoid colon 
appendix Rectum 
- Fig: 11.1: D 

a ; 


digestion takes place. Mechanical digestion 


In the oral cavity mechanical and chemical 


ical division of a mass of food into smaller masses while chemical digestion is the 
conversion of larger molecules into smaller molecules. 
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Inflammation of the 
parotid or parotis is called 
parotiditis or parotitis. The most 
common type of parotitis, 
caused by a viral infection, jg 
mumps 


= Mechanical digestion: Cooking and thorough chewing 
of food destroys the cellulose of starch covering and increases 
the efficiency of the digestive process. Food taken into the 
mouth is chewed, or masticated, by the teeth. Mastication 
breaks large food particles into smaller ones, which have a 
much larger total surface area for the action of digestive 
enzymes. 


Chemical digestion: Saliva is secreted by | 
Salivary glands. The watery part of saliva contains 

a digestive enzyme called salivary amylase, | js a proteoglycan that gives a lubricating quality 
which breaks the covalent bonds between glucose | to the secretions of the salivary glands. Water 
molecules in starch and other polysaccharides to | Mmoistens food and yee See a 
produce the disaccharides, maltose and i nE in aN i the Bs 
isomaltose. Only about 3%-5% of the total i i i | é if ofevents bacterial infection in 
Carbohydrates are digested in the mouth he mouth as it” contains lysozyme and 
Phary ilobulin® Saliva has a pH between 6.00 
7 favourable range for the digestive 


Salivary amylase digests starch. Mucin 


The pharynx is a cavity behind the mouth 


The tongue forms the chewed and moistened food into a ball like mass called bolus 
and pushes it into the pharynx. Muscles raise the’soft palate against the back wall of the 
pharynx, which closes the passage between nasal cavity and pharynx, preventing food from 
emering the nasal cavity. The pressure of the‘food in the pharynx stimulates nerves in its walls 
Mat begin the swallowing reflex, an involuntary action. As part of this reflex action the voice 


Box or larynx rises up to meet the epiglottis, with this action ep glottis cartilage drops over the 
glottis, the opening to the larynx and ‘trachea. In this way food is passed over the trachea 
without entering it. If you place your-hand over your larynx, you can feel it moves up when you 
swallow. After food enters the oesophagus, the soft palate lowers and the epiglottis is raised. 


Tongue Hard palate“ Soft palate 


Fig: 11.2: Process of Swallowing 


nuscles in front of food is followed by $ 
of strong contraction of circular i 


moves it expands the tube wall, the 
expansions stimulates peristalsis. Sometimes, 
the peristalsis become opposite in direction, 
called antiperistalsis that leads to vomiting. 


Oesophagus _— Fig. 11,3 Peristalsis 
The oesophagus is that part of the digestive tube that extends between the pharynx and 
the stomach. It is about 25 cm long. It begins at the base of the»pharynx and descends behind 
k the trachea. The oesophagus penetrates the diaphragm and is continuous with the stomach. 
Function: Digestion which started in the oral cavity continues in the oesophagus. As 
oesophagus is a passage way so no digestion takes place here. 


Stomach | 
The stomach is an enlarged segment of the digestive tract in the left superior part of the 


abdomen immediately below the diaphragm. 


| ea Cardiac sphincter 
f - — 


Oesophagus ae 
Body 


Cardia®opening one 


Cardiac region 


Longitudinal muscle 
layer 


Circular muscle layer 


Muscularis 


Oblique muscle layer 
Submucosa 
Mucosa 


Ein: 44 A- Ciitawav section of the stomach reveals muscular layers and internal anatomy _ 
G'i 11.4: Cutaway sectio f A 


ally J-shaped when empty, the stomach is continuous with the oesophagus 

j empties into the small intestine posteriorly. The opening from the oesophagus 
is the cardiac opening (located near the heart). The cardiac sphincter 
nac opening. The largest part of the stomach is the body which narrows to 
1 by pyloric sphincter. 
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Parietal cell 


Gastric pit 


Gastric gland 


Chief cell — 


Submucosa: 
Oblique layer — 
Muscularis Circular layer — 
Longitudinal 


layer 
Serosa 


ion of stomach wall that illustrates its histology, including several gastric pits and glands 


The serosa is the outer most layer of the stomach. The muscularis of the stomach 
Consists of three layers: an outer longitudinal layer, a‘middle circular layer and an inner oblique 
layer. The next two layers are submucosa and-mucosa. The stomach is lined with simple 
columnar epithelium. The mucosal surface forms numerous tube like gastric pits, which are 
the Openings for the gastric glands. The epithelial cells of stomach can be divided into four 
main types. The first type is surface mucous cells, which produce mucus, is on the surface 
and lines the gastric pit. The remaining'three are in the gastric gland. They are: (1) Parietal 
(oxyntic) cells produce hydrochloric-acid and intrinsic factors (2) Chief (zymogenic) cells 
secrete pepsinogen (3) Endocrine cells secrete the hormone gastrin into the blood. 


Functions of stomach 
Digestion in the stomach can be divided into two types: mechanical digestion and 


chemical digestion. 

Mechanical digestion: The mixing action of the stomach walls allows mechanical 
digestion to occur in the stomach. The smooth muscles of the stomach produce contractions 
known as mixing waves. This is made more efficient by the fact that unlike other region of the 
alimentary canal the stomach has three layers of smooth muscles. The churning action of the 
stomach or mixing waves mix the boluses of food with gastric juice. This mixing leads to the 
oduction of the thick liquid known as chyme. 


_ Chemical digestion: Stomach secretions include mucus, hydrochloric acid gastrin, 
SiC factor and pepsinogen. The mucous cells secrete viscous and alkaline mucus The 
of mucous lubricates and protects the epithelial cells of the stomach wall from the 
effect of the acidic chyme and pepsin. Parietal cells in the gastric glands of the 
| secrete intrinsic factor and a concentrated solution of hydrochloric acid. Intrinsic 
Glycoprotein that binds with vitamin B12 and makes the vitamin more readily 
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um. Hydrochloric acid produces the low pH of the stomach, which is 
n 1 and 3, but is usually close to 2. Although the hydrochloric acid secreted 
ch has a minor digestive effect on digested food, one of its main functions is to 
‘that are ingested with essentially everything humans put into their mouths. The low 
‘stomach also stops carbohydrate digestion by inactivating salivary amylase. The low 


“Chief cells within the gastric glands secrete inactive Sepetncowhe Pepsinogen is 
packaged in zymogen granules, which are released by exocytosis when pepsinogen secretion 
is stimulated. Once pepsinogen enters the lumen of the stomach, it is converted to pepsin by 
hydrochloric acid and previously formed pepsin molecules. Pepsin exhibits optimum enzymatic 
activity at a pH of 3 or less. Pepsin catalyzes the cleavage of some covalent bonds in proteins, 
breaking them into smaller peptide chains. 


Role of nervous system and gastrin hormone on the$&cretion of gastric juice — 
Approximately 2-3 litres of gastric juice are produeed each day. Both nervous and 
hormonal mechanisms regulate gastric secretions. Hormones that regulate stomach secretions 
include gastrin, secretin, gastric inhibitory polypeptide, and cholecystokinin. 
The sensations of the taste and smell offood, stimulation of tactile receptors during the 
process of chewing and swallowing, and pleasant thoughts of food stimulate centres within the 
medulla that influences gastric secretion“ Neuronal stimulation of the stomach mucosa 
| results in the secretion of acetylcholine, which stimulates the secretory activity of both the 
m parietal and chief cells and stimulates the secretion of gastrin from endocrine cells. Gastrin is 

released into the circulation and travels to the parietal cells, where it stimulates additional 
| gastric juice secretion. 

The greatest volume of gastric secretions is initiated by the presence of food in the 

-_ stomach. The primary stimuli are distention of the stomach and the presence of amino acids 
and peptides in thestomach. Peristaltic waves occur less frequently, are significantly more 
powerful than mixing waves, and force the chyme near the periphery of the stomach toward 
hincter. The: pyloric sphincter usually remains partially closed because of mild 
. Each peristaltic contraction is sufficiently strong to force a small amount of 


tes tine = 
he small intestine consists of three parts: the duodenum, the jejunum and the ileum. 
| nall intestine is about 6 m long. 


7 be “enzymes are (a) Pancreatic am jle 
ret Beare enzyme. It hydrolyses the polysaccharides to | 
the hydrolysis of fats. It hydrolyses fats to 


g -j e for 
principal enzym erol (iii) fatty acids. 


o and diglycerols (diglycerides). (ii) glyc 


— precursors are found in pancreatic juice. They are trypsinogen 


. Both are the inactive forms. 


ə intestinal glands secrete an activator enzyme called enterokinase. The 


eer erts trypsinogen into trypsin. Trypsin then activates more trypsinogen. The 
Sie form, which acts on proteins and converts them into polypeptides. 
: The inactive chymotrypsinogen is converted to.active form chymotrypsin 
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Mucus is secreted in large amount Dy 
duodenal glands, intestinal glands, and go i 
“telis. The mucus provides the wall of i i 
with protection against the irritating effe 
acidic chyme and against the digestive 
enzymes that enter the duodenum from the 
pancreas. i 


Bile is manufactured in liver but stored 
der. Bile emulsifies fat causing them to 
wn into numerous small droplets called 
ıı Emulsification provides: relative large 

a of lipid for the action of lipase enzyme 


speed up the — fats and ils. 
ana ileum 


jejunum is about 2.5 m long andileum is about 3.5 m long. Here the digestion of protein 

s and fats is completed. The lining of the jejunum and ileum secrete several 

o peptidase: It splits polypeptides into dipetides. Erepsin: It splits peptides 

_Lactas 9 converts lactose to glucose and galactose Maltase: It converts 

e. Su : It converts sucrose to glucose and fructose. Pancreatic lipase: 
estic of fats into fatty acids and glycerol. 

gn of enzymes, chyme is turned into a watery emulsion called chyle. 


d ge: sted food from the lumen of intestine ~~ 
gao site of nutrient absorption. Tiny finger like projections of bie 

i, which are 0.5-1.5 mm in length. Each villus is covered by simple 
a Bicol capillary network and a lymph capillary call 
poroase the pee area of small intestine ang mak 


Simple 
columnar 


epithelium 
Lacteal 
Capillary 
network 
a Lymph Microvilli of 
4. vessel epithelial cell 
i surface 
a | $ Sete 
4 - amp 
A q . a0 
i N Lymph i 
‘ } vessel Transmission electron 
micrograpimoft microvilli 
Arteriole on the sdrface a villus. 


A Single Villus Venule 


E Fig. 11.6: Structure of Villus 
Absorption of carbohydrates Ne aie 
Absorption occurs by a combination of simple 
diffusion and active transport. The monosaccharides ZS Science Titbits 
are transferred by facilitated diffusiom to the Lipoproteins are referred to as high 
ae ; À sees n AÀ by th or low-density lipoproteins. A lipoprotein 
capillaries of intestinal villi and are carried by the | With high lipid content has a very low 
hepatic portal system to the liver, where non-glucose | density (LDL), whereas a lipoprotein with 


enters the | high protein content has a relatively high 
_ eee 10 glucose AIMrose density (HDL). Chylomicrons, which are 


cell through facilitated diffusion. made up of 99% lipid and only 1% protein, 


oe; have an extremely very low density. 
Absorption of lipids 


Lipids digest in to» fatty acids and glycerol. 

After glycerol and fatty acid are absorbed by 
epithelial cells, they are recombined into fats within 
these cells. The fats are then mixed with cholesterol 
and proteins, forming small globules called 
chylomicrons, most of which are transported by 
exocytosis out of epithelial cells into lacteals. Lymph 
Containing chylomicrons, eventually drains from the 
phatic system into large veins that return blood to 


on of protein ~~ 


idual amino acids are absorbed in epithelial cells of villi and enter in the hepatic 
1, which transports them to the liver. The amino acids may be modified in the 
sto the bloodstream and distributed throughout the body. Most amino acids 


APPENDIX (Extra reading material) 
The appendix contains a small amount of 
mucus associated lymphoid tissue which 
gives the appendix an undetermined role in 
immunity. However, the appendix is known 
to be important in foetal life as it contains 
endocrine cells that release biogenic 
amines and peptide hormones important 
for homeostasis for during early growth 
and development. Appendicitis is an 
inflammation of the vermiform appendix — 
and usually occurs because of ob jon 
of the appendix. An apper 


ppendaectomy 
í lS ic GD 


removal of the ai 


4 
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" o form new proteins, but some amino acids may be used fg 


1 between ileum and intestine is ileocecal junction guarded by ileocecal 

o caecum which is the proximal end of the large intestine, is where the large and 

meet. Attached to the caecum is a small blind tube about 9 cm long called the 

appendix. The walls of the appendix contain many lymph nodules. The colon is 

om long and consists of four parts: the ascending colon, transverse colon, 

J colon, and sigmoid colon. The rectum is a straight, muscular tube that begins 
mination of the sigmoid colon and ends at the anus guarded by sphincter. 


nctions of large intestine 

Tho ‘large intestine performs several important functions. The major functions of the | 
arge intestine are: (a) Absorbing water and electrolytes (b) Absorption of vitamins (c) 
ing acidity and protecting from infections. 
ing water and electrolytes: Further digestion or breaking down of nutrients does not 
ace in the large intestine. The proximal half of the large intestine functions to reabsorb 
Of the water and electrolytes making the stools»Solid. The substances that remain in the 
scomes faeces, which is stored for a time inthe distal portion of the large intestine. 


tion of vitamins: The large intestinecalso helps in absorption of vitamins made by 
| that normally live in the large intestine. These bacteria also produce large amounts of 
. The most important of these is,Vitamin K and Biotin (a B vitamin). | 


ng acidity and protecting from infections: The mucosa of the large intestine also: 
tes bicarbonates to neutralize the increased acidity resulting from the formation of 
fatty acids and other digestive components at earlier parts of the intestines. (b) Acts as a 
il barrier and protects from microbial infections and invasions. 


iS appropriate, a person usually can initiate the defaecation reflex (North 
defecation) by holding a deep breath and contracting the adnominal 
increases the internal pressure and forces the faeces into the rectum. 
à filled, its wall is distended and the defaecation reflex is triggered. AS@ 
es in the descending colon are stimulated, and the internal and anal 


Ox persists only for a few minutes and quickly dies. A pe 
by keeping the external sphincter contracted. 


so The liver produces and secretes bile. Its stored in the gall bladder. Bile 
k e enzymes. Bile consists of water, bile salts: sodium glycocholate and 
rocholate, bile pigment, bilirubin, cholesterols, lecithin (a phospholipid) mucus, cells 


af iconstituents of bile: Bile salts reduce the surface tension of fat globules and emulsify 
| into droplets and thus increase their total surface area. This process is called 


wt 
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Some bacteria in the large 
iftestine (colon) synthesize vitamin 
K, which is passively absorbed in 


of haemoglobin. In the intestine, bacteria convert bilirubin 
into pi pigments that give the faeces its characteristic brown 
ur. Some of these pigments are absorbed from 
testine, modified in the kidneys and excreted in the urine} 
tributing to the characteristic yellowish colour of the ha cor reer bir 


urine. Bile salts help in the absorption of fatty acids fromthe | Gases called flatus (meaning, 
intestinal tract. blowing) are produced by bacterial 


Secretion of bile is related to secretin Rormone actions in esas 
Fatty acids in the lumen of the duodenum stimulate endocrine cells to release the 
_ hormone cholecystokinin (CCK). CCK stimulates contractions in the smooth muscle of the 
Í gall bladder allowing bile release into the duodenum. 
Acidic chyme in the lumen Of the duodenum stimulates other endocrine cells to release 
hormone secretin. Secretin produced by the duodenum is carried through the circulatory 
n to the liver and senate liver to release bicarbonate into the bile. 


orms important digestive and excretory functions, stores and processes 
es new molecules and detoxifies harmful chemicals. 

f liver: Hepatocytes can remove sugar from the blood and store it in the form of 
əy can also store fat, vitamins (A, B12, D, E, and K), copper and iron. This 
n is usually short-term and the amount of stored material in the hepatocytes 
size fluctuates during a given day. 
rer: Metabolism of glucose occurs in liver. Whenever a 
j lycogen (glycogenolysis). Glucose is also sy 
jarol TE pieta A Donan 


a. Ammonia produced by deamination of amino acii 
a (ornithine-arginine cycle). 

A from carotene and synthesis of albumin from amino acids takes 
of blood proteins (like prothrombin, fibrinogen) are synthesized in liver 
ssary for blood clotting. Phagocytosis also occurs in liver i.e., dead 
. The bile pigments bilirubin (orange pigment) and biliverdin (green 
ned from the breakdown of haemoglobin. Liver produces heparin, an 
ients clotting of blood inside the blood vessels. Red blood cells are formed 


Hepatic duct | 


Gommon 
hepatic duct 


tt 
or 


Pancreatic 
duct 


Pancreas 
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N 
ets: 11.7: Duct system of the major abdominal digestive glands 
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ae pharth American spelling: gallbladder) is a saclike structure on the 
lyer that is about 8 cm long and 4 cm wide. The gall bladder is — 
bile duct by the cystic duct. Bile is continually secreted by the liver 


Goce: and atyai 


x | 

cocrin secretion of the pancreas is called pancreatic juice and has two major 

nts: an aqueous component and an enzymatic component. Bicarbonate neutralizes 
chyme that enters the small intestine from the stomach. The enzymatic component 

e pancreatic juice is important for the digestion of all major classes of food. The ‘major 
ytic enzymes are trypsin, chymotrypsin, and carboxypeptidase. 

They are secreted in their inactive forms as trypsinogen, chymotrypsinog 
procarboxypeptidase and are activated by the removal of certain peptides from the larger 
precursor proteins. If these were produced in their active forms, they would digest the tissues 
producing them. Trypsinogen is activated by the proteolytic enzyme enterokinase into trypsin. 

Trypsin then activates more trypsinogen, as well as chymotrypsinogen and 
procarboxypeptidase. Amylase, continues the polysaccharide digestion that was initiated in 
the oral cavity. Pancreatic lipases, breakdown lipids into free “fatty acids, glycerides, 
cholesterol. Deoxyribonucleases and ribonucleases, reduce DNA and ribonucleic acid to 

their component nucleotides, respectively. 
Secretion of pancreatic juic« is related to secretimnormone 
Pancreatic juice secretion is regulated by the hormones secretin and cholecystokinin 
which is produced by the walls of the duodenum upon detection of acid food, proteins, fats and 
| Vitamins. Pancreatic secretion consists of an aqueous bicarbonate component from the duct 
cells and enzymatic component from the aGinar cells. A clear alkaline secretion of the 
pancreas containing enzymes that aid in the digestion of proteins, carbohydrates, and fats. 

The predominant effect of secretin on the pancreas is to stimulate duct cells to secrete water 
and bicarbonate. As soon as this occurs, the enzymes secreted by the acinar cells are 

flushed out of the pancreas, through the pancreatic duct into the duodenum. 


4412 DISORDERS: Digestive System and Food Habits 


e causes, prevention and treatment of the disorders related to 
abits: ulcer, food poisoning, dyspepsia, obesity, anorexia nervosa 


en, and 


Here we will describ 
digestive system and food h 
and bulimia nervosa. 

Si , Aat Peptic ulcer is classically viewed as a condition in which the stomach acids 
digest the mucosal lining of the GI tract itself. Helicobacter pylori is the most important factor in 

peptic ulcer disease, accounting for 90% of duodenal ulcer and 70% of the gastric ulcer. 

1 (acetyl salicylic acid) and other non-steroidal anti-inflammatory agents are an important 

ctor. Peptic ulcer tends to run in families i.e., it is a hereditary disease. 

tion: Aggravating factors such as smoking, asprin, excess intake of coffee and 


nt 
missing a meal are to be avoided. 

T The relieving factors of ulcer are antacid and milk, vomiting relieves ain 
of food relieves pain in duodenal ulcer. Medicines for acid sup 
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Nobel Prize Winner in 200: 
(right side) and his coworker 


oisoning | 
ides diarrhoea, vomiting and abdominal pain. It is‘an illness from indigestion of 
“| 


containing toxic substances. 
‘Aetiology: Due to the toxins produced by bacteria) Salmonella and Campylobacter, 
‘Prevention: Basic hygiene should be followed. Avoid unboiled /unbottled water, ice, 
salads and peel on fruits. Consume freshly prepared hot food or thoroughly rewarmed — | 


| 


Treatment: Soft easily digested diet; such as soup, fruits drinks; tea and cold drinks are | 
d. Oral rehydration salt (ORS) is) given. Antidiarrhoeal agent such as Loperamide, — 


f are prescribed. | 
| 


Incomplete or ImPeRS digestion is called dyspepsia. 
Aetiology: It y-occur due to excessive acidity in stomach or faulty function a! 
and intestini Pinsufficient quality and quantity of bile secretion. | 


evention: A Void food that worsens symptoms. Stop smoking, weight reduction, Sm 
alco ol, tea, fatty food, heavy lifting, bending specially after meals and late 
ce reflex during sleep. 


nt: Antibiotics to be given against this disease. Drugs which de 


EST 


n a person has abnorr al amount of fat on n the k it is scaled d ooe 


se, and stroke. sige other diseases are associated with obesity like 
P e, anaemia, arthritis, etc. Obesity shortens life expectancy. 


_ Treatment: Treatment of bulimics is likely to be prolonged: The initial treatment is to 
e the effects of weight loss and malnutrition. It is neceSsary to undertake the treatment 
l under strict supervision. 
10rexia nervosa 
It is the toss of appetite due to the fear of becoming obese. Such a feeling is common in 
nan females between the ages of 12 and 21 years. Usually just after the onset of puberty. 
Symptoms: It includes loss of appetite,due to the fear of becoming obese. The anorexic 
over estimate the size of her own body and so insist that she is overweight, when in reality 
weight has dropped to a dangerous level. These girls are often not matured 
log ically and unable to cope with the challenges of puberty and their emerging 
y. The losses of feminine characteristics enable the girls to retreat into a childlike state 


vh ch she feels safe. 
poor Psyciięjic therapy is usually required to treat anorexic girls. Such patients 
er route other than alimentary canal, i.e., intravenously. The recovery is 


e 2-4 years and in some cases longer. 
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Pepsinogen is activated to pepsin by 


(A) active secretin (B) hydrochloric acid 
(C) (D) gastrin 
Liver secretes bile into the 
@ duodenum (B) ileum (C) jejunum (D) peritoneum 
Emulsification of fat will not occur in the absence of 
(A) lipase (B) bile pigment (Chis sat (D) pancreatic juice | 
(iv) Fatty acids and glycerol are first absorbed by 
(A) lymph vessel (B) villi 
(C) blood capillaries (D) hepatic portal vein 


(v) The hormone responsible for,stimulating secretion of hydrochloroic acid by 
stomach cells is 


(A) pepsin (B) secretin (C) gastrin (D) insulin 
(vi) Enzyme trypsinogen is changed to trypsin by 
(A) gastrin (B) enterokinase (C) secretin (D) hydrochloric acid 


ad write the function of each type of teeth. 
hanical digestion? 


Isis with diagram. 
the function of epithelial cells of stomach of man. 
n as to why some enzymes in stomach and intestine are secretec 


ligestive enzymes, yet it is important for dig stior 
rmone gastrin in digestion? ; 
e of hormone secretin in digestion? 


gall bladder? Write its function. 
he differences between: | 
mechanical digestion and chemical digestion. ¢ SS 7 
pharynx and larynx ae 
pepsinogen and pepsin 

bulimia nervosa and anorexia nervosa 


sive Questions 


Describe human oral cavity. What are the functions of oral cavity? 

94. Describe the process of swallowing:in man. 

25. Describe the human stomach with,diagram. 

"36. Describe the structure of human small intestine. 

Explain the absorption of digested products from the small intestine lumen to the blood 

capillaries and lacteals of the villi. 

_ Describe the larg @ intestine of man. What are 

29. Describe the structure of liver. , 
0. : What is bile 2 Describe the composition of bile. What is the role of constituents of bile? — 


ifs 
H retion of bile is related to the secretion of hormone secretin? 
7 


, functions of liver of man. 
is the structure of pancreas? Explain the functions of pancreas as an € 


the functions of large intestine? 


aetiology, prevention and treatment of the following disorders: 
CYAN _ (b) Food poisoning (©) Dyspepsie 
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CIRCULATION 


After completing this lasson, 
you will be able to 


State the location of heart in the | 

Describe the structure of the ‘ walls of each 

chamber 

Describe the flow of blood t! 

State the phases of heartbeat 

Explain the role of SA node 

List the principles and uses of | 

Describe the detailed str 

Describe the role of arte! 

Describe the role of precapi f es 
hepatic-portal 


Trace the path of the blood t 
and renal circulation) 

Compare the rate of blood f 

Define blood pressure and explain ifs 
State the role of baroreceptors and 
Define the term thrombus and iff 
identify the factors causing athe 
Categorize Angina\gepioris, heart att 
development 

State the congenital heart problen 
Describe’ the principles of angiography 

Outline the main principles of coronary bypass, angioplasty and open-heart surgery 

Define hypertension and describe the factors that regulate blood es A — 
hypertension and hypotension 

List the changes in life styles that can protect man from hypertension and cardiac problems. 
Describe the formation, composition and function of intercellular fluid 

Compare the composition of intercellular fluid with that of lymph 

State the structure and role of lymph capillaries, lymph vessels and lymph trunks 

Describe the role of lymph vessels (lacteals) present in villi 

Describe the functions of lymph nodes and state the role of spleen as containing lymphoid tissue. 


lovascular disease 
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al 12 Circulation 


Ci 
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Reading 


uh Why do we need a transport system? You have read in the previous chapter that what is 

digestion? In chapter 1 you have read what are cells? All the cells of our body need food from 
— and oxygen from the lungs. Carbon dioxide and waste chemicals have to be 

f ie iad se le and kidneys respectively. Our bodies are too large for materials to 
a and out. So we have a system of internal transport - a circulatory system that 
A ports oxygen and carbon dioxide, distributes nutrients to the body cells and conveys the 
waste products of metabolism to specific site for disposal. | i 


Pe led targets more detailed study of the circulatory system of man, the basic 
i ge of which has been dealt with in biology IX-X course. Cardiovascular disorders and 
lymphatic system have been discussed in detail. 


12.1 BLOOD CIRCULATORY SYSTEM OF MAN == 


: The internal transport or blood circulatory system. of man is divided into cardiovascular 
system and lymphatic system. The cardiovascular system consists of a strong muscular 
heart, three kinds of biood vessels: arteries, capillaries, veins and blood. The study of the 
diseases of cardiovascular system is called angiology. 


12.1.1 Heart 


The heart functions as a pump and is responsible for the circulation of the blood through 
the blood vessels. The human heart.is a hollow, fibromuscular organ. The Greek name for the 
heart is cardia from which we havé.the adjective cardiac. The Latin name for the heart is cor 
from which we have adjective coronary. The adult heart has the shape of a cone. The blunt, 
rounded point of the cone is. the apex isa mae athe Left common carotid artery 
‘and the larger flat part at the opposite 
end of the cone is the base. 


i 
Smo vēna cava 


92.1.2 Structuraof Human Heart nopo 


t 
Pd Left subclavian artery 


Aorta 


arteries Lelt pulmonary artens 


Pulmonary trunk 
Lett pulmonary veins 


‘ The heartis located in the thoracic 


l cavity ‘between the lungs. The Right pulmonary vein: 
pericardi! is a closed sac that 


ca in 
irr ~N S heart. It consists of two Parts; gigi siun 


outer part and inner part. The outer 
hite fibrous 


Lett ainum 


Lett cardiac vein 


Right coronary 


artery Left ventricle 


Right ventricle 


inlerior vena cava 


wall and surrounding t 
heart is beating. The 
the pericardium as whole- 
— heart from being overstr 
| a e overfilled with blood. 
} Left pulmonary arteries The heart consists { of 
Pulmonary trunk chambers: two atria (r neal 
~N > Left pulmonary veins entrance chamber) and two ve r 
O T (meaning, belly). The atria lie 
eter Semilunar valves the ventricles. The oh 
composed of the three layers of 
VA WA The epicardium, ‘the myocardium 
the endocardium. The epicardiu 
Be dor sephey LIN SOTO membrane comprisin 
. Left ventricle the smooth outer surface of the 
The-thick middle layer of the heart, 
myocardium, is composed of car 
muscle cells. The smooth in 
surface of the heart chambers Is 
endocardium, which consists 
jamous epithelium over a layer of connective tissue. The heart valves are formed 
the endocardium, making a double layer of endocardium with connective i 


» Papillary muscle 


; ‘they only have to.force blood into the ventricles and this does not require 
€ Ventricles have to force blood out of the heart hence th 
9écially the left ventricle which has to pump blood around thi 
le has thinner walls than the left ventricle in a ratio of 1:3, it pumps ble 
> at a short distance from the heart. 


n receives the superior vena cava, the inferior vena cava, ê ne 
c ary sinus is an additional opening into the right atrium tha 


29 | 


ig connective ti 

alves. The ie called chordae tendineae to the cusps of the 

fit Opening into the atria i es contract when the ventricles contract and prevent 

Phe aorta and pulm y pulling on the chordae tendineae attached to the 
onary trunk possess aortic and pulmonary semilunar. 
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T 


Passage of Biood throi 
i _— | J Mart Interior vena cava Superior vena cava 4 


e Superior vena cava and the inferior vena \ d 
both carrying deoxygenated blood, enter the right mo 
- The right atrium sends blood through the 
valve to the right ventricle. The right ventricle 

sb od through the pulmonary semilunar valve Right ventricle | 
the pulmonary trunk and the two pulmonary 

ies to the lungs. Four pulmonary veins, carrying 
genated blood from the lungs, enter the left atrium. | 


Tricuspid valve 


Veins pulmonary semilunar valve 


Pulmonary arteries 


is 


Lungs 


left atrium sends blood through the bicuspid 
s to the left ventricle. The left ventricle sends 
through the aortic semilunar valve into the 
the body proper. The heart is a double pump 
gause the right ventricle of the heart sends blood)to 
@ lungs, and the left ventricle sends blood throughout Arteries peera 


Was Se Bicuspid valve 


12.1.4 Heart! Grai 


Capillaries 


Pulmonary veins 
(right and left) 


Tin a continuous, rhythmic cycledheart is passively Left ventricle | 


ed with blood from the large veins and then the heart 
: Aartic semilunar valve 
‘contracts, propelling the blood throughout the 
Its alternating relaxations and contractions make tis 


nce 


cardiac cycle. The cardiac cycle is a seque 

f one heartbeat. 

r Fig. 12.3: Passage of blood through heart 

ases of heartbeat 
The te 1 systole means to contract and diastole means to dilate. Atrial systole is 

raction of the atrial myocardium and atrial diastole is relaxation of the atrial myocardium. 

entricular systole is contraction of the ventricular myocardium and ventricular 

e is the relaxation of the ventricular myocardium. When the word “systole” and “diastole” 

1out reference to specific chambers, they mean ventricular systole or diastole. 
; he right atrium from the body through the vena cavae. At 


4 diastole blood enters t 
pid and tricuspid valves are closed, but as the atria fill with blood, pressure in 


1 it bec 


| Science Titbits | 
When a stethoscope is used to listen 
the heart sounds, distinct sounds normally | 
are heard. The first heart sound is a low- — 
pitched sound, often described as a “I py 
sound. It is caused by vibration of the | 
atrioventricular valves which close near 
the beginning of ventricular systole. The 
second heart sound is a higher pitch 
sound often described as a “dub” sound. 
om closuresof the aortic and 
milunar Valves, near the end 


' isalso written as ‘lubb’ and | 


® orces, open semilunar valves of the 
pulmonary artery and blood enters these 
s phase the tricuspid and bicuspid valves 


It results fr 
pulmonary sa 
of systole. ‘lub 
‘dub’ as ‘dupp’ 
in this phase bicuspid valve and 
onary semilunar valve are 


g on the capability of cardiac 


the semilunar valves of the aorta and 

y artery. Hence back flow in the heart is prevented. 
zoe are open, aortic semilunar valve, and pulm 
The normal cardiac cycle is of 0.7 to 0.8 second dependin 
e to contract. The heart muscle rests 0.1 to 0.3 second between the beats. 


\ Nyt Z, @ Atria 
contract. 


me =e i 


Sinoatrial node in short is called SA node. 
onsists of specialized plexus of cardiac 
s embedded in the upper wall of the right 


atrium. The SA node has been developed from 
_ the sinus venosus and has become a part of the 
atrium, so it is called sinoatrial node. There is 
another specialized group of cardiac muscle fibres 
called atrioventricular node. In short it is called 
y AV node. It is present near the junction of right 
atrium and right ventricle. 

AV node is connected to a strand of 
cialized muscles (in the ventricular septum) 
Nn as atrioventricular bundle or bundle of 
This bundle passes through a small opening 
the fibrous skeleton to reach the interventricular 
mn, where it divides to form right and left 


the apices of the right and left ventricles 
/. The inferior, terminal branches of the 


ctural modifications, action 
the Purkinje fibres much 


ac muscle tissue. Cardiac muscle cells have the 
niials, but cells of the SA node do so 


m beating after it has been cut right out of the body. Cardiac muscles 
., its rhythmic contraction arise from within the muscle itself. Cardiac muscle 

micity that allows the heartbeat to originate in and be conducted through 
Stimulation. Specialized strands of interconnecting cardiac muscle 
hat coordinate cardiac contraction constitute the conduction system. The conduction 
n constitutes the cardiac cycle. The components of the conduction system are the (a) 
al node, (b) Atrioventricular node, (c) Atrioventricular bundle (d) Conducting myofibrils. 


SA node 


AV node 


Fig. 12.5: Conducting system of the heart 
1. Action potentials originate in the 
sinoatrial (SA) node and travel across the 
wall of the atrium (arrows) from the SA 
node to the atrioventricular (AV) node. 

2. Action potentials pass through the AV 
node and along the atrioventricular (AV) 
bundle, which extends from the AV node, 
through the fibrous skeleton, into the 
interventricular septum. 

3. The AV bundle divides into right and 
left bundle branches, and action potentials 
descend to the apex of each ventricle 
along the bundle branches. 


4. Action potentials are carried by the 


Purkinje fibres from the bundle yo ' l 
to the ventricular walls. 
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maker of the heart. When the hear 
d is required for action potentials to. 
tion potentials are propag É 
As a consequence, there isa 
AV node until they pass to the 

rial contraction before 


| 3A wodo is called the pace 
jns, approximately 0.04 secon 
to the AV node. Within the AV node ac 


th ‘remainder of the conducting system. 
tentials reach the 
s completion of the at 


of cardiac arrhythmias. aS 
rt. It may be bradycardia (heart beat less | 
00 beats per minute) Pacemaker sup tient 
t surgically under, the-skin where it may be 


rythmia are controlled. 


onnections 

acemaker in patients 
1 electrical rhythm of hea 
a (heart beat more than 1 
n. The pacemaker is pu 
hm at a set rate, so in this way ar 


12.1.5 Electrocardiogrz 
otc impulses that pass through the conduction system of the heart during the 
o Ua i electrocardiograg (ECG). The electrical changes result 
B using ri . i ion of cardiac muscle fibres and can be detected on the 
| “2 _ rument called the electrocardiograph. The principal aspects 
aa n in fig. 12.6. The wave deflections, designated P, Q 
3 specific events of the cardiac cycle occur. , ORS, ae 


po eon of the atrial fibres of the SA node produces t 
T Ovo Ec cra 
-ORN N os tin of the B wave to the beginning of the ie = | 
MY boule ein depolarization to oa 
ike (R), and ends as a par eflection (Q), conti 
of the ventricles. S EOT ars connie AA 
ym the heart. The time Pe. erval, the ventricles are in systole and blood 
mpletion of ventricular d a a as the S-T segment re 
E ocola T a and initiation of repol e a 
P wave ee, ion. A normal ECG indicate Ue alll k 
excitation and occurs just w nn 7 
prior to contraction of 


r the QRS complex 

ple 
efore the Pex, Occurs just prior to ventri l 
fore the ventricles relax entricular contraction. 
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r Seis activity to show v 
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T wave 
(ventricles repolarize) 
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S-T es 
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Fig. 42.6: Electrocardiogram (ECG) 


ae 

42:2 BLOOD VESSELS ~~ 
There are three tees of blood vessels, the arteries (and arterioles), which carry blood 
from the heart, the veins, which return blood to the heart, and capillaries, which permit 


6 of materials: ith the tissues. : 
1 Art a ETTE TITO \ 


blood away from the heart. Arteries 
lo Pind are situated within the muscles. 


Hashe tissue 


into arterioles and capillaries. 
ave no valves. The wall of an 
tunics: tunica adventitia, 
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u media, and has variable 

;. It is many layered in thickness. It 

ty layers of circular smooth muscle 

layer of the artery is called tunica 

) of simple squamous epithelium 

astic fibres composed of elastin. Arterioles 

blood from small arteries to capillaries. Aorta is 
atel 23 mm and arterioles are about 0.2 mm in — = 


4 t filie ea f 
The capillary wall consists primarily of endothelial Endothelium \ 
Most capillaries range from 7 to 9 um in diameter, cue E 
pr tissue 
pillaries are approximately 1 mm long. Red blood cells 
flo through most of capillaries in a single file. — Smooth 


The blood vessels that bring blood back to the a 


3 
£ 
E 
- 


are called veins. Veins are relatively not deep in the — i tissue 
nuscles. Veins can be seen as blue vessels under the ‘Vein 
skin. A vein also consists of tunica adventitia, tunica 

Fig. 12.9: Artery 

nous connective tissue..Tunica media is 

of a thin layer of circularly arranged smooth 

cells, collagen fibres and a few sparsely 

ed elastic fibres. Tunica intima is a smooth 

nd consists of. ndothelial cells, thin layer of 

diameter of 40 to 50 um are 

elium. The venules collect blood 

transport it to the small veins. 


diameters greater than 2mm contain 
flow toward the heart but not in 
Valves are present only in the Fig. 12.10: Valves iai 
pec ally in the abdomen and hind limbs. In the upper regio} 
00d pressure in the veins is comparatively low, 
» Semilunar valve and muscular contraction. 
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is produced by vasodilation an increase in vessel 
th muscle relaxation. Blood circulation is also controll 

agents) acting on arterioles. Norepinephrine is an espe 
ormone, and epinephrine is less. y 
tance called kinins (vasodilator agents) can cause powerful vasodilation 
he blood and tissue fluids of some organs. e.g., histamine. Most of the 
NS are vasodilator agents though some of the prostaglandins are vasoconstrictor. 


12.2.5 Role of precapillary sphincter in regulating the flow.of blood 
rough capillaries % — 
á ~ Arterioles Supply blood to each  Ancriole -SSNS Metarteriole 
‘capillary network, blood then flows through 


G A Precapillary i la, 

the capillary network and into the venules. sphincters — < A 4 > 
S h ` A y wT i — 

od flows from arterioles through ; P” 


n 
Dy 


Capillaries 


metarterioles. From a metarteriole blood 
ows into a thoroughfare channel. Several 
apillaries branch from the thoroughfare 
s. Flow in these capillaries is 
regulated by smooth muscle cells called 
precapillary sphincter, which are located at 
the origin of the branches. This sphincter can 
_ pen and close the entrance to the capillary. 
_ Precapillary sphincters are normally either — 
completely open or completely closed, and oe ee 
"the degree of constriction of the ‘metarteriole also varies. The precapillary sphincters and 
‘metarierioles often open and close cyclically several times per minute, with the duration of the 
i phases being about proportional to the metabolic needs of the tissue. The cyclic opening and 
closing is called vasomotion. 


Æ { t a Sai 
* 
a, 


Venule 


dalir 
K 
iaf 


diovasct ar system includes two circuits, the pulmonary circuit which circulates 
lur gs and systemic circuit which circulates blood to all other parts of the body. 


Skills fd alyzing and Interpreting 
' ly how Vasodilation and Vasoconstriction is Reflective of Emotions? 
‘such as apprehension and rage vasodilation occurs due to secretion of nephrine. It l 
*sponsible for fear, flight and fright conditions. The sympathetic yani = are part | 
that originates in cerebral cortex and ends at postganglionic neurons in blood vessels 
ate them to release acetylcholine, and vasodilation occurs. Blood discharge th 
sapillaries so heat loss occurs and the skin becomes hot 
to skin, so heat is preserved and ti 


inferior vena cavae bring deoxygenated blood and open into 
atrium blood flows into the lungs for oxygenation by a pulmonary arch 
jes into two pulmonary arteries, each going to the lung of its own side, 
ation is called pulmonary circulation or circuit. The pulmonary arteries 


Cord aang 
talta Sue ET 
iter pes Barer.) 


Jupuk vein 
false subclavian 
vor orni anns) 


Pulmonary arlery 


Superior vena cava 


Infenior vena cava 


lac anery 


Wo 


| 


- digestive system, Within the liver .the 


| rcuit. The largest artery in the systemic circuit is the aorta. The largest veins are 
i superior and inferior venae cavae. The path of systemic blood to any organ in the body 
begins in the left ventricle which pumps blood in the aorta. Branches from aorta go to the 
organs and major body regions. The superior vena cava collects blood from the head, the 
chest and the arms. The inferior vena cava collects blood from the lower body regions. Both 


enter the right atrium. The aorta and the venae cavae are the major pathways in the systemic 
circuit. In most instances the artery and the vein that serve the same organ are given the same 
name. 
Coronary circulation 

The wall of the heart has its own supply of blood vessels to meet its vital needs. The 
myocardium is supplied with blood by the right and left coronary arteries. From the 
capillaries in the myocardium, the blood enters the cardiac veins. The course of these vessels 
parallels that of the coronary arteries. These cardiac veins converge to form the coronary 
sinus channel on the posterior surface of the heart. The coronary venous blood then enters 
the heart through an opening into the right atrium. 


Hepatic portal system 

A portal system is vascular 
system that begins and ends with 
capillary beds and has no pumping 
mechanism such as the heart. .The 
portal system that begins with seers 
Capillaries in the viscera andyends with in 
the capillaries in the liver iê the hepatic 
portal system. The hepatic porta! vein, 
the largest vein of the system, is formed 
by the union of all'thé veins coming from 


Inferior 
vena cava 


Hepatic vein 


Stomach 


Spleen 


Appendix 
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j 
Vie 


rtex they give rise to Fig. 12.13: Hepatic 
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Small intestine 


arteri sles From here blood 
lar capillaries and vasa recta. 
tworks the blood is drained 
e the kidney as a single renal 
s into the inferior vena cava. 
‘of Blood Flow in Blood | 
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1 
i 6 


> 


4 flow means simply the quantity of 
passes through a given point in the 
in a given period. The overall blood flow 
irculation of an adult at rest is about 5000 
This is called cardiac output. It is the Lager / ra 


at of blood pumped by the heart in a unit ' 
Fig. 12.14: Principal arteries and veins of kidney 


the blood against any unit area on the inner walls 


ce for the blood pressure is the mercury (Hg) 
lf the blood pressure 


Blood pressure is the force exerted by 
of the blood vessel. The standard referen 
manometer, which measures pressure in millimetres of mercury (mm Hg). 
is 100 mm Hg the pressure is great enough to lift a column of mercury 100 mm. When the 
ventricles of the heart contract the arterial blood pressure is the highest. It is called systolic 
pressure. When the ventricles of the heart relax, the arterial blood pressure is the lowest. It is 
called diastolic pressure. 
43.3.1 Baroreceptors 

b Baroreceptors can be divided into two categories based on the type of blood vessel in 

| y o located: high-pressure arterial baroreceptors and low-pressure baroreceptors or 
sceptors " 
ressure arte ial baroreceptors 
lechanoreceptors located in the walls of the aorta and carotid sinus in the 
Byeense the blood pressure and relay the information to the brain, so that 4 | 
sure can be maintained. Stimulation of parasympathetic nares in these 
ardiac output, produces vasodilatation throughout the body and conseqt ant 
ure as well as a slowing the heart rate. Th sh pe 

this case, a fall in Bisad : ne opposite occurs V 
_, pressure increases nerve imp 

ue nerves. This causes body-wide vasoc icti i 

‘act immediately as Soconstriction and a ro 
wy y as part of a negative feedback system call 


Low-pressure baroreceptor: 
roreceptor hz 


cel tors are found in the atri 


; a of the 


e } 
EA 
a Fe Wr or, 


lood volume, Ping ei kasaae oboe presai a oa 

| P the rate of blood flow through a 

| , venules and veins 

Is over a thousand times faster in the aorta, i.e., about 30cm/sec on average 

ile, about 0.26 cm/sec. You might think that blood should travel faster 

S than through arteries, because the diameter of capillaries is very small. 

ver, ‘it is the total cross-sectional area of capillaries that determines flow rate. Each 

S blood to such an enormous number of capillaries that the total cross-sectional 
re | IK greater in capillary beds than in any other part of the circulatory‘system. For this 

reasc ies blood slows substantially as it enters the arterioles from arteries\and slows further 
in the capillary beds. 

@ As blood leaves the capillaries and enters the venules and veins it speeds up again as a 

result of the reduction in total cross-sectional area. The carotid sinus and aortic arch 

baroreceptor reflexes are important in regulating blood pressufte moment to moment. 


Garan, 


Total 
cross-sectional 


arca 


Velocity of 
blood flow 
(mL/s) 


Fig. 12.15: Blood vessel types and velocity of blood flow: Total cross-sectional area for each of the 
4 mr blood vessel types is the space through which blood flows, measured in square centimeters. 
aa | area of the aorta is about 2.5 cm2. The crosssectional area of each capillary is 

ele cael ere are so many that the total cross-sectional area is more than that of the 
tom of the graph shows that blood velocity drops dramatically in arterioles, 

a As the total cross-sectional area increases the velocity of blood flow 
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a. f blood within a vessel or the aig stig tek, aie 
i clotted mass O art during life is calleg 
a coted mass of blood within a mee cardloventeiind < AN 
z i i i ning) of som ; j 
thrombus. The occlusion (a closing of an ope g) e oa embolism Embolus is 
caleba pared 1o a sia tot aay 
a detached intravascular solid, liqui hrombi and are a 
paint of origin. About 99% emboli arise ; 
thromboemboli. Thrombus and embolus cause 
12.4.2 Heart Problems | 
In this section we will discuss cardi 
pectoris, heart attack, heart failure. 


Atherosclerosis ries. resulting in th 
’ Atherosclerosis is the plaque deposition of cholesterol : deere” Nd rh oe 
narrowing of the arteries lumen. Later, fibres are deposited in the is PO olaque tireto 
‘start to calcify and become hard, a process known as arteriosclerosis. 


thrombus and may detach to form embolus. The major factors that Ss" pe 
arteriosclerosis are: Hypercholesterolemia, (hyperlipidemia), Hypertension, Clg 9, 
Diabetes mellitus, the other minor risk factors are: AT- ; 

(a) Increasing age, (b) Lack of exercise, (c) Stressful competitive life, (d) Obesity. 
Angina pectoris cae Be 

Due to atherosclerosis a person may feel occasional chest pain, a condition known as 
angina pectoris. Angina is most likely to occur when the heart is labouring hard because of 
physical or emotional stress. Angina is a signal that part of the heart is not receiving a 
Sufficient supply of oxygen and that part of the heart attack could occur in future. 
co Patent ductus arteriosiis (Extra reading material) 
in be classified as congenital or acquired. Congenital heart problems result from 
ic development.and may be attributed to heredity, nutritional problems (poor diet) 
al infec | 


hrough the blood stre 
gaseous mass that is 
from dislodgement of t 
eath. 


: atherosclerosis, angina 
; es, such as: 
ovascular diseases, 


thy the two major arteries—the aorta and the pulmonary anog e 
ductus arteriosus. This vessel is an essential part of foetal blood 
foetusis blood does not need to go to the lungs to get oxygenated. 
the blood to skip the circulation to the lungs. However, when the bi 
in the lungs. Within minutes or up to a few days after birth, the ves 
aes occurring in the baby's circulation. If the ductus arterios 


Patent ductus 
arteriosus 
1 the heart and increase bloog ^93 
| pe te nt options for a patent ductus 

_ include | and closure by cardiac gest 
pulmonary 
artery 


lly used by a heart defect 

in the eo Ygenated blood from the lungs is 
entricle walls can allow deoxyc 
the aorta has less Oxygi 


i 


= evaluate disease of the mitral valve, aortic valve 


Many heart attacks occur without warning. A blood clot may completely block a 
coronary artery, or atherosclerosis may reach a critical level causing massive damage to the 
heart muscle. All of a sudden, the person feels a heavy squeezing ache or discomfort in the 
< centre of the chest. The pain may radiate to shoulder, arm neck or jaw. Other symptoms may 
include sweating, nausea, shortness of breath and dizziness or fainting. The whole process is 
called myocardial (heart muscle) infarction (death due to lack of oxygen). When heart 
muscles die, they are not replaced because cardiac muscles do not divide. When a person 
survives a heart attack scar tissue (a type of connective tissue) grows into the areas where the 
heart muscles have died. The scar tissue cannot contract as cardiac muscle. AS a result the 
damaged heart is permanently weakened. 
Heart failure 
Congestive heart failure is inability of heart to pump all he» blood coming to it. The 
cardiac output is unable to keep pace with the venous return. 
Congenital heart problem 
Congenital heart problems result from abnormalities in the embryonic development. It 
can be related to the malfunctioning of cardiac valves'e.g., Valvular stenosis. 


Atrial septal defect (Extra reading material) 

trial septal defect is a congenital heart defect. If the interatrial septum is defective then oxygen-rich blood 
flow directly from the left side of the heart to mix*with the oxygen-poor blood in the right side of the heart, 

se versa. It results in cyanosis (blueness of the skin).During development of the foetus, the interatrial 

n develops to separate the left and right atria. However, a hole in the septum called the foramen ovale, 

lows blood from the right atrium to entef the left atrium during foetal development. This opening allows blood 
ypass the nonfunctional foetal lungs While the foetus obtains its oxygen from the placenta. After birth, the 

sure in the right side of the heartdrops as the lungs open and begin working, causing the foramen ovale to 


se entirely. 


12.4.3 Diagnosis of Cardiovascular Disorde 
Modern research efforts have resulted in 
improved diagnosis of CVD their treatment and 
prevention. 
Principles of angiography 
Cardiac catheterization is a technique in 
which specially designed catheter is inserted into a 
vein or artery and advanced into the heart under 
radiographic fluoroscopic guidance. This allows 
the operator to obtain angiograms by injecting 
contrast media into an area of interest. It is used to 


Diagnostic 
catheter 


Left main artery 


Stenosis 


Left anterior 
descending artery 


Circumflex artery 


a, to determine the size and function of 


le ventricle. 
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= is to detect stenosis (narrowing of a tube) and g 
< such as balloon angiography and stenting. 
i Treatment and Prevention of CVD 
Becton we will discuss the range of 
< that have been made for the treatment and 
a of CVD such as coronary bypass, Aorta 
) ast , open heart surgery. ar 
bypass à 
A coronary bypass is a surgical procedure that 
wes the effects of obstruction in the coronary 
te s The technique involves taking healthy segments 
bloc d vessel from other parts of the patient's body 
ally a vein from the leg or an artery of thorax to 
pass obstructions in the coronary arteries. 


a 
biit on 
ide ( 


Heart 


Fig.12.17: Coronary artery bypass graft. 


ce, Technology and Society Connections 
the advantages and disadvantages of coronary bypass. 


of Coronary artery bypass grafting are: (1) proeedure is safe, (2) angina is abolished or greatly 
St: 90% of the patients, (3) it is used in thé patients with: (a) 2 to 3 vessel diseases (b) disease 
ry artery (c) impaired left ventricular function (d) diabetic patients (e) lesion not suitable for 
disadvantages of coronary artery“bypass grafting are: (a) defused left ventricular damage, 
| rative (dúring Operation), myocardial infarction. (c) infection (d) wound pain (e) longer hospital stay. 
Angioplasty 
In angioplasty a cardiologist threads a 
tube into an artery of an arm or a leg 
ides it through a major blood vessel 
the heart. When the tube reaches the 
of plaque in a coronary artery a balloon 
! ed to the end of the tube is inflated 
the . pen. However, the artery 

re i en, so slotted tubes called 
expanded inside the artery to keep 
‘a Stents are coated with heparin 
blood clotting and chemicals to 


Fig: 12.18: Coronary angioplasty and Stenting 


Pshich the patient's chest is opened. The surgery is performed on the 

S to the chest, not to the heart itself. The heart may or may not be 

cutar type of surgery. Heart surgery is used to correct heart © 

- An incision is made through the breastbone (sternum) while 
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id eneral anesthesia. Tubes are 
. the through a special pump 
‘lung bypass machine. This machine 


DID YOU KNOW? i 
A new study suggests that one may have 

what doctors call "masked" h 
blood pressure that tends to be higher 
outside of the medical clinic environment. 
Masked hypertension was typically more | 
common among males than females. 
Having diabetes raised the odds for the 
condition, and so did advancing age, the 
research showed. The findings were 
published Jan. 18, 2017 in the American 
Journal of Epidemiology. 


oving through the rest of the body while the 
is repairing the heart. Using the machine 
allows the heart to be stopped. Stopping the heart 
makes it possible to repair the heart muscle itself, the 
= heart valves, or the blood vessels outside the heart. 
After the repair is done, the heart is started again, and 
| the machine is removed. The breastbone and the skin incision are then closed, 


12.4.5 Hypertension and Hypotension 
Hypertension 


Blood pressure is the force of blood against your blood vessels as it circulates. This 
force is necessary to make the blood flow, delivering nutrients and oxygen throughout your 
body. High blood pressure also called "hypertension," is a serious medical condition. When 
the blood pushes harder against the walls of your arteries, your blood pressure goes up. Your 

1 blood pressure may be different at different times of the day. Hypertension is defined as blood 

|. pressure higher than 140/90 mmHg. A diagnosis of hypertension may be made when one or 
both readings are high. 120/80 mmHg is normal,blood pressure. Modern lifestyle factors are 
responsible for a growing burden of hypertension: physical inactivity, stress, salt-rich diets with 
processed and fatty foods, alcohol, tobaéco use, age and family history. Hypertension can 
strain the heart damage blood vessels, and increase the risk of heart attack, stroke, kidney 
problems and death. 


Factors regulating blood, pressure 
Factors that regulate blood pressure are: heart rate, stroke volume, resistance to blood 
flow by the blood vessels, strength of the heartbeat, and vasomotor centre in the medulla. 


Postural hypotension 
In some individuals, sudden standing or after eating causes a fall in blood pressure, 


dizziness, dimness of vision, and even fainting. Hypotension occurs primarily in adults older 

than 65. Other factors include: high blood pressure, some medications, some heart conditions, 

heat exposure can cause sweating, bed rest and pregnancy as woman's circulatory system 

expands rapidly during pregnancy. 

sntion of cardio vascular diseases 

All of us can take steps to prevent the occurrence of CVD. When a person smokes, the 

nicotine causes arterioles to constrict and blood pressure to rise. Stimulants such as | 

ine and amphetamines can cause an irregular heart attack and stroke. Drinking alcohol 
exercise are also the factors that cause CVD. Some of the factors can obviously be 

/ changes in life style. One should try to maintain normal body weight. | y 


paura 


z uld lake dí having low cholesterol, low saturated fats and | 
a and potassium one should take grains, fruits, green vegetables ang 


in bone marrow. 


Membrane Haemoglobin 
f 


a 
i] 


Concave surface 


inds of white blood cells or leukocytes. Leukocytes fight infection, by releasing chemicals eg., 
ls and monocytes are phagocytes, eating bacteria and foreign proteins. Eosinophils are 
ytes are the key in immunity. Some lymphocytes produce antibodies. 
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Monocyte Lymphocyte. Neutrophil Eosinophil Basophil 
12.5 Lymphatic System of | Noe | 
imphatic system includes lymph, lymphocytes, lymphatic vessels, lymph nodes, tonsils, 


m and thymus gland. About one sixth of the body consists of spaces between the cells, 
llectively are called the interstitium. The fluid in these spaces is the interstitial fluid 
ellular fluid. 

a: The fluid in the interstitium is derived by filtration and diffusion from the capillaries. 
lion: Interstitial fluid contains almost the same constituents as plasma except for much 


trations of proteins because proteins do not pass outward through the walls of the 
1 ease. 


e interstitial fluid allows rapid transport of water molecules electrolytes, nutrients, 
n, carbon dioxide etc. Materials are exchanged between the blood and 


j San the interstitial fluid and the body cells. In other words, to get from the 
IS Or vice versa, materials must pass through the interstitial fluid. 
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| system includes lymph, lymphocytes, 
gland. About one sixth of the bod 
called the interstitium. The fluid 


ka 


lymphatic vessels, lymph 
y consists of spaces between 
in these spaces is the inters 
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Formation: The fluid in the interstitium i 
capillaries. 


A eean: Interstitial fluid contains almost the same constituents as plasma except 
r mu ower concentrations of proteins because proteins do not pass outward through the 
walls of the capillaries with ease. 


s derived by filtration and diffusion from the 


White blood cell 
squeezing through 
Red blood cells capillary wall Endothelium 


Direction Blood 
“ey capillary 


Movement of oxygen Movement of. excretory 
and dissolved food waste.products 
substances 


Interstitial fluid Tissue cells 


Fig. 12.19: Relationship between‘a blood capillary, interstitial fluid and tissue cells 


Function: Interstitial fluid allows rapid transport of water molecules electrolytes, nutrients, 
cellular excreta, oxygen, carbon dioxide etc., through the interstitium. Materials are exchanged 
between the blood and interstitial fluid and between the interstitial fluid and the body cells. In 
other words, to get from the blood to body cells or vice versa, materials must pass through the 


interstitial fluid. 
12.5.2 Comparison of the 
ul 


composition of ee eeiial fluid 
and lymph 

Approximately 30 litres of fluid pass 
from the blood capillaries into the interstitial 
space each day, whereas only 27 litres pass 
from the interstitial space back into blood 
capillaries. The remaining 3 litres of fluid 
enters the lymphatic capillaries, where the 
fluid is called lymph (meaning clear spring 
water) and passes through the lymphatic 
vessels back to the blood. In addition to 


m Sy ca carries 

The “lymphatic system 

mph capillaries, which 

əs as they lack a 

T imph capillaries are 

an blood capillaries and 

fluid is excluded from the 

€ lymph capillary epithelium 

| eries of one-way valve that allows 

e capillary but prevent it from 
the interstitial spaces. 

1 capillaries join to form larger 


the presence of one-way valves along 
s that are similar to the valves of veins. 
es are round, oval, or bean—shaped 


Bone marrow 


e lymph nodes function to filter lymph. 


thoracic duct drains the lower limbs, 


by entering the left subclavian vein. The right lymphatic duct is much shi 


> 


Fin diameter than the thoracic duct. It drains the right thorax, right upper limb, an | 


ad and neck arid opens into the ne vein. 
lacteal presén: in the villi 


ns a lymph capillary called lacteal. The lymphatic system 4 
ices from the digestive tract. | 


ses of heartbeat on a printed EC 
f ayman 


| MCQs 


|. Select the correct answer 


(i) The we 2" of cardiac muscle in the mammalian heart is initiated by the. 
Ý PR (B) parasympathetic nervous system 
(D) sino-atrial node 


2. semilunar valve 3.right atrium 
i 4 right ao 5. Pulmonary trunk 
In whic vorder will the red blood cell passes the structures? 


(B) ni (C) cardiogenic 
Peann in heart in heartbeat are due to 


% 
alves. CA 
2S 


pe —tricuspid valves alowed by semilunar v 


connects A 
(B) left atrium and right ventricle 


(D) right atrium and right ventricle 


(B) on interauricular septum 
(D) in the wall of left atrium 


a -to blood 
(B) carbon dioxide 
(D) white blood cells 
ost closely resembles which of the following? 


(B) urine (C) water (D) interstitial fluid 


(B) blood pressure 
(D) heartbeat 


rythm of contraction (B) is also called AV node 
e rate of contraction (D) is also called bundle of His 


arterial pulse? What is the normal human pulse rate? na 


11. "Why is AV node essential for the conduction of cardiac impulse? 4 


What are the risks associated with atherosclerosis? 

Why can you feel your pulse in arteries but not in veins? If there is no pulse in your veins 
what pushes the blood in veins back to the heart? 

Define the term thrombus and differentiate between thrombus and embolus. 

Identify the factors causing atherosclerosis and arteriosclerosis. 

List the advantages and disadvantages of coronary bypass. 

List the changes in the life styles that can protect man from hypertension and cardiac 
problems. 

What is the major feature of human lymphatic system? 

Justify why blood circulatory system is dependent on the lymphatic system. 

Interpret why the swelling of the lymph node is cause of conern. 

Writ the differences between: 

(a) bicuspid valve and tricuspid valve 

(b) systole and diastole 

(c) SAnode and AV node 

(d) P-wave and T-wave of ECG 

(e) blood capillaries and lymph capillaries 

(f) baroreceptor and volume receptor 


a Extensive Questions 


28. 
29. 
30. 
31. 
32. 
33. 


Draw label and describe the external structure of human heart. 

Describe the flow of blood through human heart as regulated by the valves. 
State the phases of heartbeat in man. 

Describe the conducting system of human heart. 

Explain electrocardiogram with the help of diagram. 

Describe the structure of blood vessels in man. 

What is the role.of precapillary sphincter? 

Describe pulmonary circulation and systemic circulation. 


Describe hepatic portal system 


Give an account of blood pressure in man. 
Compare the rate of blood flow through arteries, arterioles, capillaries, venules and 


veins. 
Explain the following: 
(a) Principle of angiography (b) Coronary bypass 

(c) Angioplasty (d) Open heart surgery 
Explain hypertension and hypotension. What are the factors that regulate blood pressure? 


Describe the lymphatic system of man. 
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i ofthe acids and enzymes of the digestive tract in killing the bacteria present in 


f the ciliated epithelium of nasal cavity and of t 
ping air borne microorganisms. 


of macrophages and neutrophils in killing bacteria. 
v the Natural Killer (NK) cells kill the cells that are infected by microbes and also kill, 


he mucous of the bronchi and 


d 
proteins of the complement system kill bacteria and how the interferons inhibit the 
to infect cells. | 
of the inflammatory response as one of the most generalized nonspecific defenses, 
lease of pyrogens by microbes and their effect on hypothalamus to boost the body's À 
ar fe 


i cell-mediated immunity, 
in antibody-mediated immunity. 
an antibody molecule. 

I 1g-term immunity, 


You have already learnt the composition of blood in grade IX-X biology course and 
lymphatic system in the previous chapter. In this chapter we will learn about the body's 

_ defence and more emphasis would be on the immune system. The body's response to foreign 

O _ particles, such as the production of antibodies directed against a specific antigen, is called an 


immune response. Immunity is the ability to resist damage from foreign substances such as 
microorganisms and harmful chemicals, e.g., toxins released by microorganisms. Immunology 
is the study of foreign particles that can affect the living body and the defence mechanisms, 
which are taken by the body to eliminate these particles. The human body has three lines of 
defence against microbial attack. First line of defence comprises external barriers that keep 
microbes out of the body. Second line of defence consists of nonspecific internal defence 
(innate immunity) that combats all invading microbes. Third ine of defence includes the 
specific internal defence (adaptive/ acquired immunity) also.called immune system. 

———— 

The first and obviously best, defence is to keep microbes out in the first place. The 
human body has two surfaces exposed to the ‘environment: the skin and the mucous 
membranes of the digestive and respiratory tracts. These surfaces are external barriers to 
microbial invasion. Since these barriers inhibit generally all kind of microbial invasion thus, first 


line of defence is supposed to be a non-specific defence. 
IMMUNE RESPONSE 
Pathogens 
, E (bacteria, virus, fungi, etc.) y 


ANY 
S è + $ é eo, 
+. First line of defense + 
Ù 7 Mechanical (nonspecific) Chemical 


£ ania Second EA defense ____ Reflexes 1N, 
vi (nonspecific) NK cells >, \ 


i er Fig. 13.1: Three lines of defence of the body 
13.1.1 Skin: an impenetrable barrier against microbial invasion 

skin is made up of two layers i.e., epidermis and dermis. Epidermis is superficial 

y likened layer while dermis is inner, Comparatively thick layer containing glands, 
ceptors, nerves and blood vessels. Most cells of epidermis have keratin. The 


sists of dry dead cells. Consequently, most microbes that lar 
water and nutrients they need. wi. 

mis part of skin also contains the sebaceous glands and sweat g 

uce sebum, an oily substance whereas; sweat glands secrete 
ally provides cooling effect to the body. Secretion from sweat glands an, 
usually cover the skin. These secretions contain natural antibiotics such as 
nhibit the growth of bacteria and fungi. These multiple defence make ho 
an extremely effective barrier against microbial invasion. k 


Hypodermis 


fe 13.2: Skin as an impenetrable barrier against microbial invasion 


erie of Digestive Tract: an im | 
fDi 7 penetrable barrier 


IT), is covered by mucous membrane, which 
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4 Epithelium of Respiratory Tract: an impenetrable barrier 
against microbial invasion 
The anterior part of nasal cavities that a ap 
contain hairs is called vestibule. These vestibular to pharynx “4 
hairs filter the large dust particles of the inhaled 7: 
air. The inner surface of nasal cavities is also d Stem cell 
lined by ciliated mucous epithelium. The 
mucous secreted by this epithelium is also 
involved in trapping of fine dust particles and 
microbes. The cilia of the epithelium sweep the 
trapped, fine dust particles and microbes posterior 
to the pharynx, where they are swallowed and are 
eliminated by the digestive system. The trachea 
and the air passageways within the lungs are also 
lined by ciliated mucous epithelium that is also 
red n SRpping of fine dust particles and Fig. 13.3: A diagrammatic view of the 
microbes. The cilia in this region propel mucus respiratory epithelium of trachea showing 
and foreign particles towards the larynx, where the direction of movement of mucous 
they enter the pharynx and are swallowed. containing trapped particles towards pharynx 


13:2 SECOND LINE OF DEFENCE - Nonspecific Defence 
ee 


microbes become successful to penetrate the skin or mucous membranes then a 
second line of defence takes action against these foreign invaders. The second line of 
defence comprises three nonspecific internal defence. First, the body has a standing army 
of phagocytic cells and natural killer cells. Second, invasion of microbes provokes an 
inflammatory response. Third, the body often produces fever. In addition, some 
protective proteins are also the part of second line of defence. These defence are 
nonspecific because they attack wide variety of microbes, rather than targeting specific 
Invaders as the immune response does. 


13.2.1 Killing Cells of Blood ~~ 

D There are white blood cells in the body called phagocytes. A phagocyte is a cell 
lal other abnormal body cells (cancerous cells) or invaded microorganisms by 
engulfing. This process is called phagocytosis. Two types of blood 
ilk ' . cells are pha 3 
macrophages and neutrophils. phagocytes: 


Ciliated columnar 
epithelial cell 


Mucus layer 


rO a are generally found in the organs such as the lungs, liver, spleen 
Siik odes, rather than remaining in the blood. In these organs, they patrol 
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-amona the cells and provide protection by trapping and des royir 
tha teoue, As macrophages interact with microbes, they nandi 
them; they also display some parts of microbes ke wie i ia ‘= 
} may also be informed. The macrophages also era pe rent 

en they perform phagocytosis of the microbes. Some ge numba a w 
of monocytes into macrophages, thereby increasing ne oud s if í 
sukin-I signals the brain to raise the body temperature, p g oa 


proteins also stimulate the specific immune response 


Macrophages 
attack | 
bacteria 


—z, 


Macrophage engulfs 
bacterium and displays 
parts on surface 


Pròtcins 


$ secreted 
os Bacteria 


Specific immune 
response initiated 


i 
© Body 
temperature i 


rises 


T 
B EN 
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Monocytes triggered 
by proteins to mature Monocyte 
into macrophages 


on SY 
13.4: Response of macrophages to foreign particles 


- g to the granulocyte type of WBCs. They are highly short-lived a id 
mney squeeze between cells of capillary walls and can enter parts of 

lis would not be able to enter otherwise. They move like Amoebi 
They proceed rapidly to infected area to perform their duty and they 
phag ocytic event. Neutrophils also release lysosomal enzymes an 
m™ Microorganisms and cause inflammation. d 


: ag type of T-lymphocytes. They are also | 
aor, cols do not directly attack invadini 


; for the passive diffusion of certain apoptotic proteases, known as 
„into the target cell. The cell dies by apostosis. NK cells also attack cancer 


cells at an early stage of tumor. 

3,2.2 Prot Proteins of Complement System 

—Y The complement system consists over thirty types of small proteins found in the 
blood, in general synthesized by the liver, and normally circulating in inactive state. They 
are activated on the entry of foreign particles. Once a complement protein is activated, it 
activates another protein, which further activates other proteins of the system and so on. 
The result of this complement activation is stimulation of phagocytes to clear foreign and 
damaged material, development of inflammation to attract additional phagocytes at the site 
of infection and activation of the cell killing membrane attack complexes. The complement 
system is an important supporter of the immune system that enhances (complements) the 
ability of antibodies and phagocytic cells to clear microbes.and damaged cells from the 
body, promotes inflammation, and attacks the pathogen's plasma membrane. 


An example of protective proteins of complement system is perforin, a membrane 
attack complex that produces holes in the bacterial cell walls and plasma membranes of 
bacteria. The holes allow fluids and salts to enter the bacterial cell, thus, bacterial cell 
swells and eventually burst. 


w 
d 
Bacterium 
~N 
~N 
` s 
@ Activated'complement (2) Water and salts ®©) The bacterium swells and 
m complexes diffuse into the eventually bursts. 
S that create bacterium through 


in the bacterial cell wall. the holes. 
z= Fig. 13.5: Action of the complement system against a bacterium 
Pa ge 

Interferons — 
Ber fons (IFNs) belong to the large class of proteins known as cytokines, molecules 

| On ication between.cells during infection. They are released by host cells in 
resence of several pathogens specially viruses. Interferons are named for 
with viral replication. In this way, interferons limit cell-to-cell spread 


IFNs also activate immune cells, such as natural kill 
1 turn destroy virally infected cells. 
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13.2.3 Inflammatory Response one ant’ a A 
The inflammatory response is a major componer organism or by physical injury, 
ites N whether caused by an infectious si Inflammation can be localizeg 
da age ’ i i espon . r 
o insect bite triggers this resp sponse confined to a 
an aie = Toral inflammation is an Leker eee pain, redness, 
=. of ad body The classical signs of inflammat 
ic area 
swelling, and loss of function. hat make up the inflammatory response, 
Tn fic ws the chain of events that make ia. The first thing that 
a haw 1 ee en the skin and infected it with Jae Ocal sal 
konpo an tissue is injured is that the damageo S of various defence 
Is such as histamine. The chemical sparks the aap and Hee vessi 
mine for instance induces neighbouring blood vessels to di 


nt of the non-specific defence. Any 


j *Phagocytes and 
<> fluid move 
“33 - into area 


Dilation and increased 
leakiness of local blood 
$ vessels; migration of 
XY phagocytes to the area 


Phagocytes | 

(macrophages and 

neutrophils) consume 

bacteria and cell | 
` debris; tissue heals 


Fig. 13.6: The Inflammatory response = | 
function of inflammation is to elimi 


nate the initial cause of cell injury, clear out 
sand tissues damaged from the 


Original insult (to attack physically) and the 


Process, and to initiate tissue repair. The inflammatory response also helps 
he spread of infection to the Surrounding tissues. l 


J~ 
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13.2.4 Temperature Response | 

Fever or pyrexia is the raised body temperature than normal. The invaded 
microorganisms often release certain chemicals, which are generally termed as pyrogens: 
These pyrogens cause the temperature set point of the hypothalamic thermostat of the body 
to rise; as a result, all the mechanisms for raising the body temperature are brought into play, 
such as heat conservation and increased heat production. Since, higher body temperature than 
normal facilitate the microbial growth in the body, this is the reason why invaded microorganisms 


want to increase the host's body temperature. 

On the other hand, certain white blood cells in 
response to the infection, also release hormones 
collectively called endogenous pyrogens that further 
increase the temperature set point of hypothalamus 
because higher body temperature than normal increases 
the activity of phagocytic white blood cells that attack 
upon bacteria. The endogenous pyrogens also cause 
other cells to reduce the concentration of iron in the 
blood because many bacteria require more iron to 
reproduce at temperature of 38°C or 39°C than at 37°C, 
So fever and reduced iron in the blood combine to’slow 
down their rate of reproduction. Fever also increases the 
production of interferons that travel to other cells and 
increase their resistance to viral attack. The higher body 
temperature may directly inactivate the virus particles, 
Particularly enveloped viruses, which ate more heat- 
sensitive than non-enveloped viruses. Replication of 
some viruses is reduced at higher temperatures, 
therefore fever may inhibit replication. 
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e Justify why physician prescribe antihistamine thera 


Runny noseor skin rashes are a type of hypersensitivit 
cells and basophils. Its release causes vasodila 


why the physician prescribe antipyretic drugs, 


ry Science Titbits 


Several. experiments 
suggested «that interleukin-1 causes 
fever byafirst inducing the formation of 
one of the prostaglandins. When drugs 
bleck® prostaglandin formation, the 
fever is either completely abrogated or 
at least reduced. In fact, this may be 
the explanation for the manner in 
which aspirin reduces the degree of 
fever because aspirin impedes the 
formation of prostaglandins from 
arachidonic, acid. It also would explain 
why aspirin does not lower the body 
temperature in a normal person 
because a normal person does not 
have any interleukin-1. Drugs such as 
aspirin that reduce the level of fever 
are called antipyretics. 


have 


py to the patients of runny nose or 


y reaction in which histamine is released 
tion, increased capillary permeability and 


when fever is a nonspecific 


g prostaglandin production in the hypothalamus, which 
d maintaining the set point at nearer normal levels. 
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wn metabolic system and ultimately body is 
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OUSEEFATIMADKHAN) 03490875886 


g ' m Tht 
1 LT 
RAE 


EFENCE - The Specific Defences 
Bast the body's nonspecific defence, the third line of 
T defence responses, often called immune responses that 
gens having specific antigens. These antigens serve as the 
mmune response. The term "antigen" comes from ANTI-body 
“s. Viruses, bacteria and other pathogen have specific antigens on 


i ird line of defence respond against particular infections and acts as the 
1S of resisting infections therefore, it is also called specific defence. 
‘be of two types: Humoral immune response and cell-mediated 
nse. These immune responses are particularly carried) out by two 


r B cells and T-lymphocytes or T cells. However, third line of defence also 
a of monocytes (macrophages) that participate in activation of these lymphocytes. 


Role of Monocytes in Third Line of Defence —— 


dy described in second line of defence that monocytes are kind of WBCs, 
juced by lymphoid tissues. The monocytes circulate in blood for 10 to 20 
nately they leave the blood and come. into the intercellular space of tissues: 
, they swell and attain a larger size.to become tissue macrophages. When ` 
5 perform phagocytosis of invaded microorganisms, after digesting them they 
microbial antigens on their Surfaces but also begin to secrete about 100 
npounds including various \enzymes, interferons and a protein called 
1. The interleukin-1 secreted’ by macrophages activates the T cells that in turn 
crete interleukin-2, which then activates the B cells. Interleukin-1 also 
ral response 


was called humoral immune response. As in this re 
‘© called antibody mediated immune response. It v 
A an immune animal could be responsible for immu 
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histocompatibility com heir own proteins (self-protein) called 


plex (M A 
g cells (APCs). Macropha h Ae In this way, macrophages become antigen- 
ges also secrete interleukin-1 that stimulates and attracts 


T cells towards the di 

2 called T cell states Maes Helper T cells have specific receptor on their 

nterleukin-1 also stimulates th = which they bind with a particular antigen displayed on 
e helper T cells to secrete another protein, the interleukin-2 


t not only compel the hel 
per T i 
E T cells ande se 7 to divide but also causes the proliferation of 


ll-mediated immunity. The bod 
d to one specific antigen. 


i Jas ' 
mh 


y contains millions of different T-cells, each able to 


Humoral 
Self-nonself = immunity 
complex (secretion of 
T cell Interleukin-2 antibodies by 


receptor stimulates plasma cells) 


Macrophage 
cell division 
interleukin-2 
activates 
other B cells 
and T cells 


Self protein 


Antigen from microbe Antigempresenting interleukin-1 Binding Binding 
~ (nonself molecule) cell stimulates site for site for 
i helper Tcell antigen self protein 


Fig. 13.7: Activation of cell mediated immune response 
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Two main categories of T cells have been identified. The first group, known as CD8 
Sells because they have surface marker designated CD8, include cytotoxic T cells and 
Suppressor T cells. The second group i.e., helper T cells also known as CD4 cells — 
because they have a surface marker designated CD4. 
When T cells are activated, they divide and produce four types of cells which have 
Specific role in cell-mediated immune response. 
fi) Cytotoxic T cells: These cells secrete cytotoxin which triggers destruction of the 
pathogen's DNA or perforin which is a protein that creates holes. in the pathogens 
plasma membrane. The holes cause the pathogen to lyse (rupture). 
(ii) Helper T cells: These cells secrete interleukin 2 which stimulates cell division of T cells 
and B cells. In other words, these cells recruit even more cells to help fight the pathogen. 
(iii) Suppressor T cells: When infection is successfully removed, these cells begin to secrete 
Certain proteins that inhibit further proliferation of T cell. Therefore, they shut down the 
immune response. 
(v) Memory T cells: These cells remain dormant after the initial exposure to an antigen. If 
the same antigen presents itself again, even if it is years later, the memory cells are 
Stimulated to convert themselves into helper T cells and help fight the pathogen. 


#43.3.0 Role of B Cells in third line of defence: Humoral/ 
Antibody Mediated4immune Response 

B cells are differentiated in bone marrow. B cells express specific receptors on their cell 

brane, the B cell receptors (BCRs). BCRs allow the B cell to bind a specific antigen, 

nst which it will initiate anvantibody response. Like T cells, there are millions of B cells 

s, found in the aN is specific for one particular antigen. 


Acti ivation of of Bicells S 
Bci n begins when the B cell binds to an antigen via its BCR. Actually, B cells 
ind with specific antigen by interleukin-2 proteins, which are secreted by 
After binding with specific type of antigen the B cells divide to produce two type 
a clone cells and memory B cells. The plasma clone cells are specialized to 
se of antibodies. After B cells become plasma cells they live only for a few 
great deal of A during the time. A plasma cell can ' prediteg more 
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If activated by foreign molecules 
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Plasma Cells 
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into bloodstream 


Precursor cells in bone marrw 


—o 
Differentiate in thymus 
producing four types of cell 
® g 
Cytotoxie Helper Suppressor Memory 
T Cells T Cells T Cells T Cells 
destroy cancer activate B shut down long-lived, 
cell and body and immune provide 
cells infected T Cells response future 
by viruses immunity 


Fig. 13.9: The major cells of Immune’system and their roles in the immune system 
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| Antibodies (also called immunoglobulins or 

V Ig's) are Y-shaped proteins that circulate through 

the blood stream and bind to specific antigens, 

thereby attacking microbes. The antibodies are 

transported through the blood and the lymph to 
yathogen nae site. 
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daptive) part of the immune system, but | observed’and studied Miss $ 
days for this system to become fully | milkmaid who had previously” 
TT components of the acquired immune 
cell-mediated immunity and antibody 


humoral) immunity. 
Types of Acquired Immunity ---Active ana 
re two ways to acquire adaptive’immunity: (a) Active Immunity (b) Passiv 
may be acquired naturally or artificially. Providing immunity artifici 
zation. 


to smallpox. 


anges 8s its own antibodies when exposed to an infectious age 
eS Ee and generally persists for a long time, sometimes even forl 

Artificial active immunity a 

munity (vac ion) i , 
ston ) IS achieved by injecting (or administering 
t itest, into the body of an individual. The pro 
Eee diven © body to manufacture antibodies a 
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ea | ~ “a7ane are Currently i Eo 
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cowpox and was found to be imr ne 


natura A For example, antibodies from a mother can 

etus. In this way they provide protection for the baby unti 
n is fully functional. Passive immunity may also be provided by colos 
| f the ramgry pangs. The baby absorbs the antibodies through its iy 


See 


) Poles Brick Pie been formed in one individual are extracted and then injected 
d of another individual which may or may not be of the same species. They can be 
imediate protection if a person has been: or is likely to be, orp De a particular 
For example, specific antibodies used for combating tetanus and diphtheria used to 
ured in horses and injected into humans. Only antibodies of human origin are now used 
‘humans. Antibodies against rabies and some snake venoms are also available. Antibodies 
t the human rhesus blood group antigen are used. 


43.3.5 Disorders of Immune System 


} Some conditions that stimulate a defective immune response or destroy immune system 
are called disorders of immune system. 


l ‘Allergies 
Allergies are defective immune responsesleading to chronic health conditions like Hay 
fever, eczema, asthma and food allergy. The immune system of allergy patients overreacts 


1 allergens (like pollen, dust or mold), are inhaled or ingested or enter through skin. The 
‘starts producing large quantity of special antibodies IgE. This IgE binds with basophils to 


nes 3, & /person’s immune system does not normally respond to the antigens (self- 
“on the body’s own cells and the antibodies are going to produce against 
a and begin to destroy them. This problem is called an autoimmune 
mple: 

> typ es of anemias are caused by antibodies that destroy a person's red bloo j 


t rejections 


Teron ops rena ees or 
is a danger that the recipient cells may recognize aaa 
4s b nis triggers the recipient's immune mechanisms, which r 
ee ino dor Such a response is called transplant rejection. 
Role of T cells in transplant rejection i 
P a P nism of rejection probably varies with the nature of the tissue a id 
bility, all the mechanisms require that the host helper T cells come into” 
aft tissue’s major histocompatibility complex (MHC) antigens. ma cantai s 4 
əy the dendritic cells of the graft tissue itself. At this point, Qe different 
st. In the first, antigen-specific TH cells stimulate the -activation and 
ppropriate T cells, which then mount a focused attack on the transplant tissue, q 
responsive antigen-specific TH cells move to the graft site, where they release 
These recruit monocyte/macrophages and T cells to the-graft site and maintain 


ve while they destroy the tissue. 


ü 
a 


cells in transplant reje 

e is a third mechanism in which antibodies plays a role. The responsive helper T 
cts with the appropriate B cell clone, producing a shower of antibodies to the 
d tissue’s MHC antigens. These can trigger either complement-mediated graft | 
‘facilitating the phagocytosis of the grafted tissue by macrophages. 


Science, Technology and Society Connection 

e malignant melanoma as due to the inability of tumour- 
ing lymphocyte (TIL) to contro! the tumour of skin cancer 
correlate it with the scientific advancements of inserting a 
of tumour necrosis factor in the lymphocyte. 


-Malignant 


j begin to grow out of control. Melanoma Melanoma 


m the melanocytes a type of skin cell. 
vhere on the skin, but they are more likely to start 
6K) in men and on the legs in women. The neck and 
es. The cancerous growths develop when unrepaired DNA damage to skin cells (most| 
et radiation from sunshine or tanning beds) triggers mutations (genetic defects) that i 
ultiply rapidly and form malignant tumours. These tumours originate in the pigment ji 
J in the basal layer of the epidermis. Tumour-infiltrating lymphocytes are believed o| 
še to melanoma cells. Tumour (tumor)-infiltrating lymphocytes (TIL), i 
paan am and migrated into a tumour. They are mononuclear i : 
@., T cells, B cells, NK cells, macrophages) in variable p oportic 
ey can often be found in the stroma and within the tumour itself. 


K [ types of tumors e.g., malignant melanoma. 
are removed from the patient and reins 


B 


Most dangerous form of skin cancer 


) hypersensitivity n 
uses vasodilation, increased capillary p 
drugs block histamine receptor sites so hista P 
in allergic rhinitis i.e. runny nose and skin rashes. 


transplant recipient is given immune suppressant drugs and determine what 
does this has on his life, 


transplantation has become a routine procedure due to improvemēnt of surgical 
| ity of drugs that more selectively inhibit rejection of 
becoming immunologically compromised. Transplant 
ction as a function of lymphocytes and not due to 
e drugs enhances tolérance. People receiving 
side effects like pain, diarrhoea, leukopenia, sepsis, lymphoma, 
naphylactic reaction, hypertension, hyperkalemia and neurotoxicity 
Hence, each system is affected, sô the person starts to feel weakness 


as a delayed hypersensitivity rea 
dministration of immunosuppressiv 
pressive drugs have 
ia, skin rashes, a 
_ seizures, hallucination). 
tigue easily. 


echnology and Society C 


the discovery of monoclonal antib 
n Many aspects of biological research 


ar Milstein and Georges Kohler workingvin Cambridge solve the problem of developing a 
f producing monoclonal antibodies) for which they were awarded Nobel Prize in 1984. 
means belonging to one clone. Fach type of antibody is made by one type of B cells which 
f, in other words multiplies to.makeé many identical copies of itself in response to a particular 
ein and Kohlar fused B. cells with cancer cells, which are immortal to form hybridoma 


ly and can be cloned so that large quantities of 


odies are harvested from cell cultures rather than 


dies has been spawned a new ind 
plication is medical diagnosis. Monoclonal 


odies and justify how this accomplishment 


is called defensins are secreted by activated 
of pathogens, by various mechanisms without h 
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the correct answer 
Plasma cells are 
(A) the same as memory cells 
(B) formed from blood plasma 
(C) B cells that are actively secreting antibody | 
(D) inactive T cells carried in the plasma 
Antibodies combine with antigens 
(A) at variable regions (B) at constant region 
(C) only if macrophages are present (D) both A and C are correct 
In addition to the immune system, we are protected from disease by 


(A) normal body temperature (B) hormones 
(C) antigens (D) mucous membrane and cilia 
Fever 


(A) decrease, eron Ereauction 


the activity of phagocytes 
rease the inflammation 


yt (B) macrophages 
ler cells (D) red blood cells 
s are presented with antigen they differentiate into 
(B) helper T-cells 
(D) bursa cells 
Doster shot for polio which type of cell is mc 


43. 
f 
AB: 
| 16. 
17. 
18. 


What is immune response? 

Name the three lines of defence against microbial attack. 

How oil and sweat glands take part in defence against microorganisms? 
Name the parts of antibody molecule. 

What are the memory cells? 

How does an antibody differ from an antigen? 

Why does each antibody bind only to a specific antigen? 

Why is passive immunity temporary? 

Name the disorders of immune system. 

What are the autoimmune diseases? 

Write the differences between: 

(a) sebaceous gland and sweat gland 

(b) macrophages and neutrophils 

(c) antibody-mediated immune response and a‘cell-mediated immune response. 
(d) cytotoxic T cells and suppressor T cell 

(e) plasma cells and memory cells 

(f) antibody and antigen 

(g) inborn immunity and acquired immunity 


p 


D Extensive Questions 


Describe the human skin as an impenetrable barrier against invasion by microbes. 
What is the role of macrophages and neutrophils in killing bacteria? 

Explain the protective proteins of complementary system with diagram. 

Explain in detail inflammatory response with diagram. 

Explain temperature response against infection. 

What are the ways fever kills microbes? 

Describe the role of monocytes in immune system. 

What is the role of T cells in cell mediated response. 

Describe the role of B cells in humoral antibody mediated immune response. 
Describe the types of acquired immunity. 


Describe the role of T cells and B cells in transplant rejection. 
_ Explain why a transplant recipient is given immune suppressant drugs and 


mine what implications this has on his life. 


vege 


l an’ oh’bik): growing or metabolizing 
_(an-tih-bod'ee): protein compound 
bulin by plasma cells in 

lo specific antigens and having the 
$ sequence of three bases in transfer 
| Comp to the three bases of a 


e 


> ho (ADH) (an"ty-dy-uh-ret'ik) a 
d by the posterior lobe of the 
the rate of water reabsorption 


any substance capable of 
response; usually a protein 


aspects of growth and development, such as st 
elongation, apical dominance and root formatio 


cuttings. 


B 
B cells: a type of lymphocytes that participates in 
humoral immunity, gives rise to plasma cells thay 
secrete antibodies into the circulatory system and to 
become memory cells. 

basal body (bay’s!): structure involved in the 
organization and anchorage of a ciliunpor flagellum. 

base pair: a complementory pair of nucleolides, 
containing a purine, pyrimidine: 

basidiocarp (ba-sid’e-o-karp) the fruiting body of a 
basidiomycete, e.g., mashroom 

basidiomycete (ba-Sid’e-o-my'seat): member of a 
phylum of fungi characterized by the production of 
sexual Dasiqiespores 

basidiospores (ba-sid"e-o-spor): one of a set of 
sexuals brès, usually four, borne on a basidium ofa 
basidionyycete 

basidium (ba-sid"ee-um): the club-like spore 
GrOducing organ of basidiomycetes that Bears 
sexual spores called basidiospores 

bilateral symmetry: a body shape with right and left 
halves that are approximately mirror images of one 
anotner 

bile: a liquid secretion of the liver stored im the gall 
bladder and released into the small intestine during 
digestion. Bile is a complex mixture of bile salts, 
water, other salts, and cholesterol. 

binary fission: the process by which a single 
bacterium divides in half, producing two identical 
Offspring. 

biodiversity: all living things within a given 
a aphical area and the interrelationships among 


biotechnology: the use of biological processes ja 
microorganisms to make substance or wie vide 
service to man. 
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i symmetry, 
t starfish, which have pentaradial 


: asexual reproduction in which a small part 
ent's body separates form the rest and 
lops into a new individual; Characteristic of 

certan other organisms. e.g. Hydra 


cycle: the cyclic series of reactions whereby 
bon dioxide is fixed into carbohydrates during the 
independent reactions of photosynthesis also 
called Calvin cycle. 

C4 pathway: the series of reactions in certain plants 
that fixes carbon dioxide into oxaloacetic acid, which 
is later broken down for use in the C3 cycle of 
photosynthesis. 

carbon fixation: the initial steps in the C3 cycle in 
Which carbon dioxide reacts with the ribulose 
bisphosphate to form a stable organic molecule. 
cardiac (kar'dee-ak): pertaining to the heart. 

_ cardiac cycle: one complete heart beat. 

Carrier proteins: a membrane proteins that 
facilitates diffusion of specific substances across the 
membrane. The molecule to be transported binds to 
the outer surface of the carrier proteins, the protein 
than changes shape, allowing the molecule to move 
across the membrane through the protein. 


_ Carrier-mediated active transport: transport across 
“a membrane of a substance from a region of low 
ntration to a region of high concentration; 


immunity: the immune response in 
r substances are destroyed by 


components by subjecting them to centrifugal 


centromere (sen'tro-meer): specialized a 
region of a chromatid; contains the kinetochore. In 
cells at prophase and metaphase, sister chromatids — 
are joined in the vicinity of their centromeres. 

channel protein: a membrane protein that forms a 
channel or pore completely through the membrane 

and that is usually permeable to one or a few water- 
soluble molecules specially ions. 

chemiosmosis: a process of ATP generation in 
chloroplasts and mitochondria. The movement of 
electron transport system is used'to pump hydrogen 

ions across membrane, thereby building up a 
concentration gradient of*hydrogen ions across the 
membrane. The hydrogen ions diffuse back across 

the membrane through the pores of ATP- 
synthesizing enzymes. The energy of their 
movement down their concentration gradient drives 

ATP synthesis. 

chitin «(ky'tin): a nitrogen-containing structural 
polysaccharide that forms the exoskeleton of insects 

and the cell walls of many fungi. 

choanocyte (koh-an'oh-sight): a unique cell having 

a flagellum surrounded by a thin cytoplasmic collar; 
characteristic of sponges and group of protists. 

chorion: the outermost extra embryonic membrane 

of the embryo of an amniote. Becomes highly 
vascular and aids in gas exchange. 

chromatin (kro' mabh-tin): the complex of DNA, 
protein, and RNA that makes up eukayotic 
chromosomes. 

chromosomes (kro'moh-soms): structures in the 

cell nucleus, composed of chromatin and containing 

the genes. 

ciliate (sil'e-ate): a unicellular protozoon covered by 
many short cilia. 

citrate (citric acid): a 6-carbon organic acid. 

citric acid cycle: series of chemical reactions in 
aerobic cellular respiration in which acetyl Onn 

A is completely degraded to carbon dioxide and 
water with the release of metabolic energy which is 
used to produce ATP; also known as the h ! 
cycle and the tricarboxylic acid (TCA) ayola- 
clone: a population of cells descende 
division from a single ancestral on 


rm one another by septa. 
cofactor responsible for 


ime): an organic cofactor for 
/ participates in the reaction by 


on’jew-gay'shun) (1) a sexual 
in certain protists that involves 
of a cell with another cell; (2) a 
NA exchange in bacteria that 
contact. 

tions: a pair of reactions, one 
one endergonic, that are linked 


provides the energy needed to 
c reaction. 


crista): shelf- ike or finger-like 
of the PN smbrane of a 


| of gymnosperms that live 
pical regions and have 
paves. 

ping dermal scales of 


a 
as 
\ aad 


ormone involved 
d development, 
nce. 

that is a 


À cytotoxic T cells: a type of T cells t 


destroy foreign cells upon contacting them. 


D 
deamination (dee-am-ih-nay'shun): removal of ; 
amino group (-NH2) from an amino acid or o 
organic compound. 

decomposers: microbial heterotrophs 
breakdown dead organic material and use the ; 
decomposition products as a source of energy. Also - 7 
called saprotrophs or saprobes. 

deoxyribonucleic acid (DNA): double stranded 
nucleic acid; contains genetic information coded in 
specific sequences of its constituent nucleotides 
deoxyribose pentose: sugar lacking a hydroxyl (- 
OH) group on carbon-2"; aConstituent of DNA: . 
diastole (di-as'toh-lee)* phase of the cardiac cycle in 
which the heart is relaxed, 

diatom (die'eh-tom"): a usually unicellular alga that 

is covered byamornate, siliceous shell consisting of 

two overlapping halves; an important component of 
planktomin both marine and fresh waters. 

dikaryotic (dy-kare-ee-ot'ik): condition of having two | 
nuclei per cell (ie, n + n), characteristic of certain 
fungal hyphae. 

dioecious (dy-ee'shus): having male and female l 
reproductive structures on separate plants. 
dipeptide: a compound consisting of two amino 
acids linked by a peptide bond. 

disaccharide (dy-sak'ah-ride): a sugar produced by 
covalently linking two monosaccharides. 

dorsal (dor'sl): toward the uppermost surface or 
back of an animal. 

double fertilization: a process in the flowering plant 
life cycle in which there are two fertilizations; one 
fertilization results in the formation of a zygote that 
develops into a young plant, while the second 


results in the formation of endosperm (nutritive 
tissue). 


E 


electron microscope: microscope capable of 
producing high resolution, highly magnified images 
through the use of an electron beam (rather 
light).Transmission electron microscopes 
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passed along from one acceptor mol 
other (the electron transport chain), apa 
A. release of energy. 
electrophoresis: a biochemical technique that 
separates molecules according to their electrical 
charge and molecular weight. 
= encephalitis: it is characterized by necrotic lesion in 
one temporal lobe, fever, vomiting, seizures and 
altered mental status. 
endoderm (en'doh-derm): the inner germ layer of 
the early embryo; becomes the lining of the digestive 
tract and the structures that develop from the 
digestive tract liver, lungs, and pancreas. 
endoplasmic reticulum (ER) (en'doh-plaz"mik reh- 
tik'yoo-lum): interconnected network of internal 
membranes in eukaryotic cells enclosing a 
compartment, the ER lumen. Rough ER has 
__fibosomes attached to the cytosolic surface: 
somooth ER, a site of lipid biosynthesis, lacks 
ribosomes. 
epiglottis: a thin, flexible structure that guards the 
entrance to the larynx, preventing food from entering 
the airway during swallowing. 
epinephrine: a hormone secreted by adrenal 
medulla. 
ester linkage: covalent linkage formed by. the 
reaction of a carboxyl group and a hydroxyl group, 
with the removal of the equivalent of. a water 
molecule; the linkage includes an oxygen atom 
bonded to a carbonyl group. 
ethene: a plant hormone that promotes the ripening 
of fruits and dropping of leaves and fruits . 
exocytosis (ex”oh-sy-toh'sis): the active transport of 
materials out of the cell by fusion of cytoplasmic 
vesicles with the plasma membrane. 
euchromatin: chromosome material which does not 
Stain strongly except during cell division. It 
fepresents the major genes and is involved in 
transcription. 
facilitated diffusion: the passive transport of ions 
Or molecules by a specific carrier protein in a 
2mbrane. As in simple diffusion, net transport is 
1 a concentration gradient, and no additional 
‘has to be supplied. 
anaerobe: organism capable of carrying 
espiration, but able to switch to 


| 


yeast. 

feedback inhibition: in enzyme mediated chemical 
reactions the condition in which the product of a 
reaction inhibits one or more of the enzymes 
involved in synthesizing the product. 

fermentation: anaerobic process by which ATP is 
produced by a series of redox reactions in which 
organic compounds serve as electron donors and as 
electron acceptors. 

fibre: (1) in plants a type of sclerenchyma. Fibres 
are long, tapered cells with thick walls. (2) in 
animals, an elongated cell such as a muscle or 
nerve cell. 

florigen (flor'uh-jen): a hypothetical plant hormone 
that promotes flowering. 

fluid-mosaic model: the modern picture of the 
plasma membrane and other cellular membranes in 
which protein. molecules float in phospholipids 
bilayer. 


G 


gametophyte generation (gam-ee;'toh-fite); the n. 
gamete producing stage in the life cycle of a plant. 
ganoid scale: thick, bony rhombic scales of bony 
fish, not overlapping. 

gastrin (gas'trin): a hormone released by the 
stomach mucosa; stimulates the gastric glands to 
secrete pepsinogen. 

gastrovascular cavity: a central digestive cavity 
with a single opening that functions as both mouth 
and anus; characteristic of cnidarians and flatworms. 
gene therapy: any one of a variety of methods 
designed to correct a disease or alleviate its 
symptoms through the introduction of genes into the 
affected person's cells. 

genetic engineering: manipulation of genes, often 
through recombinant DNA technology. 

genital herpes: it is characterized by painful 
vesicular lesions of the male and female genitals 
and anal areas. 

genome (jee'nome): all the genetic material in a cell 
or organism. 

genomic DNA library: a collection of recombinant 
plasmids in which all the DNA in the genome is 
represented. 

geotropism: growth with respect to the direction of 
gravity. 

germ layers: primitive embryon 
endoderm, mesoderm, or ectoderm 


ic tissue 
r 


ben alcohol, with a hydroxy! 
‘a component of neutral fats 


i): the first stage of cellular 

ily the “splitting of sugar.” The 
sion of glucose into pyruvate, 
(the production of ATP. 

kage: covalent linkage joining two 
ides an oxygen atom bonded to a 

"y 

ar glands that secrete mucus. 

a stacks of thylakoids within a 


ar agnos purine base that 


E pak of. iora cells» that 
> to forn a stomatal pore for ‘gas 


s 
r S istic of animals 


mag an 


oo erythrocytes that 
n dioxide and aids in 


A 
lion of having one set 


hepatic (heh-pak'ik): pertaining to the liver. 
herpes labialis: fever, blister and cold < 
crops of vesicles usually at the junction ai 
heterocercal: in some aage “Sone the up 

e larger than the lower, a 
Cin roai upturned in the upper bey’ 
sharks. 
hetrochromatin: chromosome material of different 
density from normal (usually greater), in which the 
activity of the genes is modified or suppressed 
heterospory et” ur-os'’pur-ee): production of two 
types of “Spores, microspores (male) and 
megaspores (female). 
histones (his"tones): small, positively charged 
(basic) proteins in the cell nucleus that bind to the 
negatively charged DNA. 
homocercal: a tail with the upper and lower lobes 
symmetrical and the vertebral column ending near 
the middle of the base, as in most teleost fishes. 
homospory (hoh" mos'pure-ee): production of one 
type of n spore that gives rise to a bisexual 
gametophyte. 
hormone: an organic chemical messenger in- 
multicellular organisms produced in one part of the 
body and transported to another part where it affects 
some aspect of metabolism. a 
hydrolysis: reaction in which a covalent sa d 
between two subunits is broken through the addition 
of equivalent of a water molecule; a hydrogen att 
is added to one subunit and a hydroxyl g 
other. 


hydrophilic: attracted to water. 
hydrophobic: repelled by water. 


hydroponics iry'dee-paun Rok gi 


Poh-thal'uh-mus): Part of the 


: term referring to a solution having an 


solution with which it is compared. 


response: a specific response by the 
system to invasion of the body by particular 
substance or microorganism, characterized 
nition of the foreign Material by immune 
d its subsequent destruction by antibodies or 
attack. 

occurring outside a living organism (literally 
), 

occurring in a living organism. 

atory response: a non-specific, local 
e to injury to the body, characterized by 
tosis of foreign substances and tissue 
is by white blood cells and “walling off” of:injury 
by clotting of fluids escaping from near by blood 


(in"tur-feer'on): a protein (cytokine) 
, by animal cells when challenged by a 
ant in immune responses, it prevents 
luction and enables cells to resist a 
ic factor (IF): als 


ct known as gastric intrinsic 
is a g 


soprotein produced by the 
Mach. It is necessary for the 


1 E 12 (cobalamin) later on in the 


S, a non expressed (noncoding) 
that is excised from the RNA 
portion of a gene is called 


in the girth of the plant body. 
leukopenia: It is a disease 
blood cells (leuk 


also called isosmotic, pi 
K d 
karatconjunctivities: corneal ulcer and lesion at the 
conjunctival epithelium. Recurrent can lead to 
blindness. 

kinetochore (kin-eh'toh-kore): portion of the 
chromosomes centromere to which the mitotic 
Spindle fibres attach. 

Kranz anatomy: the special structure of leaves in. 
C,plants (e.g. maize) where the tissue equivalent to 

the spongy mesophyll cells iS clustered in a ring 


C, Plant 


vein 

ARA aa atana 
around the leaf veins, outside the bundle-sheath 
cells. (The term 'Kranz' means wreath or ring in 
German). 
Kuru (koo roo) a progressive and fatal brain 
disease, found only in certain parts of Papua New 
Guinea and thought to be transmissible by a slow 
virus, 


r 
n] 


lacteal (lak'tee-al): one of the many lymphatic 
vessels in the intestinal villi that absorb fat. 


lactic acid: a 3-carbon organic acid; also known 
also lactate. 


large intestine: the portion of the digestive tract of 
humans (and other vertebrates) consisting of the 
cecum, colon, rectum, and anus. 


larva (pl. larvae): an immature form in the life history — 
of some animals; may be unlike the Parent. 


lateral meristems: areas of localized cell division 
on the side of a plant that give rise to s 
tissues. Lateral meristems, including the 
cambium and the cork cambium; cause an 


Cd 
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è 


organisms using 


for use in biosynthesis 
ion) or energy conservation 
via aerobic or anaerobic 
t 4 

n); (1) the space enclosed by a 
as the lumen of the endoplasmic 


colourless fluid within the lymphatic 
derived from blood plasma and 
sely in composition; contains white 
turns to the blood. 
‘mass of lymph tissue surrounded 
» tissue capsule; manufactures 
filters lymph. 
system: a subsystem of the 
system; returns excess interstitial 
circulation; defends the body against 
nisms. 
(limfoh-site): white blood cell with 
cytoplasm that is responsible for 
ISeS. 
It is a cancer that begins in the 
of immune system and presents as a 
of lymphoid cells. They often originate 
nph node. > 


white blood cell that engulfs 


amo 


umbrella shaped stage in the life cycle of c 
cnidarians. _ 
megaspore (meg'uh-spor): the n s 
heterosporous plants that gives rise to a 
gametophyte. 

memory cell: B or T lymphocyte that permits 
mobilization of immune response on second 
subsequent exposure to a particular antigen. i 
mesonephrons: the middle of the three pairs of 
embryonic renal organs in vertebrates. The 
functional kidney of fish and amphibians. 
messenger RNA (mRNA): RNA that specifies the 
amino acid sequence of a protein; transcribed from 
DNA. 

metastasis (met-tas'tuh-ssis): the spreading of 
cancer cells from one organ or part of the body to 
another. 

microbodies: membrane-bounded structures in 
eukaryotic’ cells that contain enzymes; include 
peroxisomes and glyoxisomes. 

microfilaments: thin fibres composed of actin 
protein subunits; form part of the cytoskeleton. 
micronutrient: an essential element that is required: 
in traceamounts for normal plant growth. 

microphyll (mi'kro-fil): type of leaf found in club 
mosses; contains one vascular strand (i.e., simple 
venation). 

molting: the shedding and replacement of an outer 
covering such as an exoskeleton. 
monoacylglycerol (mono”o-as”-il-glis’er-ol): 4 
neutral fat consisting of glycerol combined 
chemically with a single fatty acid, also called ; 
monoglyceride. 
monocyte (mon'oh-site): a type of white blood cell, - 
a large phagocytic, nongranular leukocyte that 
enters the tissues and differentiates into a 
macrophage. 

monoecious (mon-ee'shus): having male 
female reproductive parts in separate flowers on the 
same plant; 

monomer (mon'oh-mer): A molecule of a 
that can be linked with other similar me 
form a polymer. d 
monophyletic group (mon’ot 


* 


ae 
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rption of essential minerals from the soil. 
_ (my'oh-gloh"bin): a haemoglobin-like 
sferring protein found in muscle. 

s: these are enveloped, have single 
d negative polarity RNA, e.g., influenza virus. 
myxo refers to the affinity of the viruses for 
and “ortho” (orthomyxoviruses) is added to 
inguish them from paramyxo viruses. 


oxidized and reduced forms, 
atively. of nicotinamide adenine dinucleotide; 
ie that transfers electrons (as hydrogen), 
arly in catabolic pathways, including cellular 
Sp ation. 


oxidized and reduced forms) 
ely, of nicotinamide adenine dinucliéotide 
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1) transfer agent, particularly iñ anabolic 
, including photosynthesis. 

t (nem-at'oh-sist): a stinging structure 
n cnidocytes (stinging: Cells) in cnidarians; 
chorage, defence, and Capturing prey. 
herpes: originates chiefly from contact 
sicular lesions wet e birth canal. 

sis: In it the nuclear envelope remains 


phase to anaphase. Spindle fibres 
eùs ather than within the cytoplasm. 
sted the nuclear envelope pinches in 


sed for energy storage, 


o | lipid u 


Photoexcited electrons to a primary ary a 


molecules (two of four different types) plus a DNA 
linker region associated with a fifth histone protein. i 
nucleotide (noo'klee-oh-tide): a molecule compose d 
of one or more phosphate groups, a 5-carbon sugar 
(ribose or deoxyribose) and nitrogenous base 
(purine or pyrimidine). 


O 


cogamous: (adj) related to reproduction by the 
union of mobile male gamete and immobile female 
gamate. 
organotroph is an organism! that obtains hydrogen 
or electrons from organie substrates. This term is 
used in microbiology. to classify and describe 
organisms based on how they obtain electrons for 
their respiration processes. 
Someorganotrophs such as animals and many 
bacteria, are‘also heterotrophs. 
osmoregulation (oz’moh-reg-yoo-lay'shun): the 
active regulation of the osmotic pressure of body 
fluids so that they do not become excessively dilute 
or excessively concentrated. 
osmosis (0z-moh'sis): net movement of water (the 
principal solvent in biological systems) by diffusion 
through a selectively permeable membrane from a 
region of higher concentration of water (a hypotonic 
solution) to a region of lower concentration of water 
(a hypertonic solution). 
osmotic pressure: the pressure that must be 
exerted on the hypertonic side of a selectively 
permeable membrane to prevent diffusion of water 
(by osmosis) from the side containing pure water. 
Ovoviviparous (oh'voh-vih-vip"ur-us): a type of 
development in which the young hatch 
incubated inside the mother's body. 
oxidative phosphorylation (fos"for-ih-lay'shun): the 
production of ATP using energy derived from the 
transfer of electrons in the electron transport system 
of mitochondria; occurs by chemiosmosis. 


oxyhaemoglobin: haemoglobin that has combined 
with oxygen. 


P 


P680: chlorophyll a molecules that serve as 
reaction centre of Photosystem Il, transfe 


from eggs 


sorption peak at 
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of producing disease. 
| cule containing five carbons. 
); an enzyme produced in the 
digestion of proteion. 
compound consisting of a chain 
s. A dipeptide consists of two 
peptide of many amino acids. 
d: a distinctive covalent carbon-to- 
‘that links amino acids in peptides and 


= 


(pep"tid-oh-gly'kan): a modified 
peptide possessing an attached 
component of the bacterial cell wall. 
n interval of geological time that is a 
‘an era. Each period is divided into 
e. 
s (pehr'ih-stal'sis): rhythmic waves of 
action and relaxation in the walls of 
organs, such as the ureter or parts of 
that serve to move the contents 


z) = membrane- 
& Cells containing 
rade hydrogen 


(pehr-ox'ih-som 
in euka 
duce o 


y-toh'sis): literally,” cell 
losis by which certain cells 
= microorganisms, foreign 


ent linkage between 
or RNA; includes 


phospholipids (fos"foh-lip"idz): fatlike 
containing group attached to glycer 


which there are two fatty acids and a p 


components of cellular membranes. 
phosphorylatiohn (fos"for-ih-lay'shun): 
introduction of a phosphate group into an- 
molecule. Kinases are enzymes that catalyze certain 
phosphorylation reactions. í 
photolysis (foh-tol’uh-sis): the photochemical 
splitting of water in the light-dependent reactions of D 
photosynthesis, catalyzed by a spegific enzyme. 
photon (foh'ton): a particle. of. electromagnetic 
radiation; one quantum of radiant energy. 
photoperiodism —_(foh"toh-peer'ee-od-izm): the 
physiological response (such as flowering) of plants 
to variations in the length of daylight and darkness. 
photophosphorylation (foh"toh-fos-for-ih-lay’shun): 
the production OPATP in photosynthesis. 
photosystem: a group of chlorophyll molecules, 
acceso pigments, and associated electron 
acceptors that emits electrons in response to light; 
located in the thylakoid membrane ` (in 
photoautorophic eukaryotes). 

phototrophs : are the organisms that carry out. 
photon capture to acquire energy. They use the 
energy from light to carry out various cellular 
metabolic processes. It is a common misconception 
that phototrophs are obligatorily photosynthetic. 
phototropism (foh’toh-troh'pizm): the growth of a 
plant in response to the direction of light. 
phytochrome (fy'toh-krome): a blue-green, 
proteinaceous pigment involved in a wide variety of 
physiological responses to light; occurs in two 
interchangeable forms depending on the ratio of red 
to far-red light. 


pinocytosis (pin"oh-sy-toh'sis): cell drinking a type 


of endocytosis by which cells engulf and absorb — 
droplets of liquids. 


plankton: the small and microscopic organisms 
drifting or floating in the sea or fresh water, 
consisting chiefly of diatoms, protozoan, smal 
crustaceans, and the eggs and larval : 
larger animals. Many animals are adapted 


Plankton, especially by filtering the water. 


AHMADKHAN) 03499815 


joh'dee-uhl): a 
tage consists of a 


(plaz-mol"ih-sis): the shrinkage of 
and the pulling away of the plasma 
from the cell wall when a plant cell (or 
cell) loses water, usually in a hypertonic 


(play'lets): cell fragments in the blood that 
f in clotting; also called thrombocytes, 

polymer (pol'ih-mer): a molecule built up from 

_ repeating monomers, such as a protein, nucleic 
acid, or polysaccharide. 

polyp (pol'ip): Hydra-like animal; the sessile stage of 
1e life cycle of certain cnidarians e.g., Obelia. 

polypeptide: a compound consisting of many amino 

acids linked by peptide bonds. 

-polysaccharide (pol-ee-sak'ah-ride): a 
carbohydrate consisting of many monosaccharide 
subunits; examples are starch, glycogen, and 
cellulose. 

Porins: these are beta barrel proteins that cross a 

cellular membrane and act as a pore, through which 

molecules can diffuse.[1] Unlike other membrane 
transport proteins, porins are large enough to. allow 

Passive diffusion, i.e., they act as channels that are 
Specific to different types of molecules: They are 

resent in the outer membrane of gram-negative 
acteria and some gram-positive ‘bacteria of the 

group =Mycolata (mycolic acid-containing 
actinomycetes), the mitochondria, and the 


wr r 


JPE 


a ad 


or oxa mple, if the mRNA sequence is 
RNA with negative polarity would 


1 
a 


Small pox virus and vaccinia virus — 
important member. The later virus is us 
small pox vaccine. * 
precambrian time: all of geological time before the 
Paleozoic era, encompassing approximately the first 
4 billion years of Earth's history. 
pressure-flow: hypothesis the mechanism by which 
dissolved sugar is thought to be transported in 
phloem. ' 

prokaryote (pro-kar'ee-ote): «cell that lacks a 
nucleus and other membrae-bounded organelles; 
include the bacteria, « members of Kingdom 
Prokaryotae. 

prophage (pro'faj): a latent state of a bacteriophage 
in which the viral’ genome is inserted into the 
bacterial host chromosome. 

protist (proh'tist): one of a vast kingdom of 
eukaryotic organisms, primarily single-celled or 
simple multicellular; mostly aquatic. 

pseudocoelom (soo"doh-see'lom): a body cavity 
between the mesoderm and endoderm; derived form 
the blastocoel. 

pseudocoelomate (soo"doh-seel'oh-mate): animal 
possessing a pseudocoelom. 


pulse: alternate expansion and recoil of an artery. 


purines (pure'eenz): nitrogenous bases with carbon 
and nitrogen atoms in two attached rings; 


components of nucleic acids, ATP, NAD", and 


certain other biologically active substances. 
Examples are adenine and guanine. 


R 


radial cleavage: pattern of blastomere Production in 
which the cells are located directly above or below 


one another; characteristic of early deuterostome 
embryos. 


radial symmetry: a body plan in which an 
y section 
through the mouth and down the length of the body — 
divides the body into ’ similar halves. Jellyfish and | 
other cnidarians have radial symmetry. i w we 
soln (fad'yoo-lah): a rasplike structure in t 
gestive tract of chitons, snails, S, anc 
other mollusks, ial, ei 


| ie, nonenveloped 

capsid coats. Have 

e main pathogen is 
mainly in infants. 

an RNA virus that uses 


et ) produce a DNA intermediate 


re enveloped viruses with 
strands of single 


The lentivirus (“slow virus") 


includes HIV and certain animal 


a 


sphate (RuBP): 


ese are bullet shaped enveloped 
ded linear, negative polarity 


do" refers to the bullet shape 


INA): a family of single-stranded 


function mainly in protein 
a  5-carbon 


pund with a high .energy 
carbon dioxide in the initial step 


o of ribulose ‘bisphosphate 
efecto of carbon 


sph in the Calvin 


s those in the lining of 


secondary growth: an increase in the girth ofa 
plant due to the activity of the vascular s 
cork camblum, secondary “growth results lute: 
production of secondary tissues, !-2-, Woor EN 
second messenger: molecule inside cells that acts 
to transmit signals from a receptor to a target. The 
term second messenger was coined upon the 
discovery of these substances in order to distinguish 
them from hormones and other molecules that 
function outside the cell as “first messengers in the 
transmission of biological information. Many second 
messenger molecules are small and therefore 
diffuse rapidly through the cytoplasm, enabling 
information to move quickly: throughout the cell. 
Examples of second messenger molecules include 
cyclic AMP, cyclic GMP, inositol trisphosphate, 
diacylglycerol, and calcium. 

semilunar valves? Valves between the ventricles of 
the heart and the arteries that carry blood away from 
the heart. 

sepsis: “lt is characterized by a whole-body 
inflammatory state and the presence of a known or 
suspected infection. The body may develop this 
inflammatory response to microbes in the blood, 
urine, lungs, skin or other tissue. 

septum (pl. septa): a cross-wall or partition; for 
example, the walls that divide a hypha into cells. 
Permanently attached to sessile (ses'sile) one 
location. Coral animals, for example, are sessile. 


small intestine: portion of the vertebrate digestive 


tract that extends from the stomach to the large 
intestine. 


sodium potassium pump: a set of active transport 
molecules in nerve cell membranes that use the 
energy of ATP to pump sodium ions out of the cell 
and potassium ions in maintaining the concentration 
gradients of these ions across the membrane. 
spongy mesophyll (mez'oh-fil): the loosely 
arranged mesophyll cells near the lower epidermis in 
certain leaves, 

Sporophyte generation (spor'oh-fite): the 2n spore- 
Producing stage in the life cycle of a plant. i, 
Starch: a polysaccharide composed of al 
glucose subunits; made by plants for er 


Storage. 
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ains five. Cholesterol and certain 
cluding the male and female sex 
vertebrates, are examples. 
muscular region of the vertebrate 
e tract extending from the oesophagus to the 
ma : (sing. stoma): small Pores located in the 
erm of plants that provide for gas exchange for 
photo ynthesis, each stoma is flanked by two guard 
cells, which are responsible for its opening and 
storbilus (stroh’bil-us) (pl. strobili): in certain plants, 
a cone-like structure that bears Spore-producing 
l p m 
stroma: a fluid space of the chloroplast, enclosed by 
‘the chloroplast inner membrane and surrounding the 
thylakoids; site of the reactions of the Calvin cycle. 
‘substrate: a substance on which an enzyme acts: a 
reactant in an enzymatically catalyzed reaction. 
‘suppressor T cell: T lymphoctye that suppresses 
the immune respones. 
systole: the part of the cardiac cycle when the heart 
is contracting. 
T cell (T lymphocyte): lymphocyte that is processed 
in the thymus. T cells have a wide variety of immune 
function but are primarily responsible for cell- 
mediated immunity. 
T-cell receptor: a protein receptor located on the 
‘surface of a T cell which binds a specific antigen and 
triggers the immune response of the cell. 
thrombus (throm'bus): a blood. clot formed within a 
blood vessel or within the heart. 
‘thromcytopenia: When the number of blood 
Platelets is lower than the normal i.e. 150,000 to 
lakoids (thylah-koidz): interconnected system of 


ne surrounding 
ne, it is mainly 
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the cell, and isolating materials that might be harmful 

or a threat to the cell. 

trace element: an element required by an organism, 
but in very small amounts. 

tracheid (tray'kee-id): a type of water-conducting 
and supporting cell in the xylem of vascular plants. 
transfer RNA (tRNA): RNA molecules that bind to 
specific amino acids and serve as adapter 
molecules in protein synthesis. The tRNA 
anticodons bind to complementary mRNA codons. 
transposon: A transposable element is a DNA 
sequence that can change’ its position within a 
genome, sometimes creating or reversing mutations 
and altering the cell's genetic identity and genome 
size. These mobile segments of DNA are sometimes 
called “jumping genes” 

trichome (try'kohm): a hair or other appendage 
growing out from the epidermis of a plant. 
tricylglycerol (try-as"il-glis'er-oil): a neutral fat 
consisting of a glycerol combined chemically with 
three fatty acids; also called triglyceride. 

triose: a sugar molecule containing three carbons. 
tube feet: structures characteristic of echinoderms; 
function in locomotion. 


V 


vaccine (vak-seen'): a commercially produced 
weakened or killed antigen of a particular disease 
that stimulates the body to make antibodies 

vertebral column: backbone of vertebrates through 
which the spinal cord passes. 

vesicle (ves'ih-kl)" any small sac, especially a small 
spherical membrane-bounded compartment, within 
the cytoplasm. 

viroid (vy'roid): tiny, naked virus consisting only of 
nucleic acid. 

viscera (vis'ur-uh): the internal body organs, 
especially those located in the abdominal or thoracic 
cavities. 

visna: it is a disease of sheep, characterized by 
pneumonia and lesions in brain. 


Ww 


water potential: free energy of water; the water 
potential of pure water is zero, and that of solutions 
is a negative value. 

water vascular system: The starfish’s water 
operates the animal's tube feet. From r adre ; 


a 


fungus (ascomycote) that 
by budding or fission and 


yore): a flagellated motile spore 
/ by certain algae, water molds, 


fungi characterized by the production 
ual spores and sexual zygspores. 
. (zy'gah-spor): a thick-walled sexual 
od by a zygomycote. 
cell that results from the union of n 
ual reproduction. Species that are not 
aploid gametes and. jloid zygotes. 
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